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Economic potential of tho Chattanooga shale in Tonnes see

By /jidrcw Erovm.

Abstract

The Geological Survey's investigations of tho Chattanooga shale in 

Tennessee and adjacent states on behalf of the U. S. Atocic rlnorgy Con- 

oission consisted neatly of geolofdc studies end routine ejielyt-es of

 wrolea for umniucu In the course of the studies, however, other in 

vestigations vere r^ae< primarily to find enswers to specific 

that arose fron tiise to tine. The large woount of analytical 

latod data obtained is here reported, with sufficient explanatory

 ftterial to bring tha data into proper perspective. Although the Sur 

ety haa not made a conrorehensive overall study of the fieology, geocheza- 

lttryt ninaralogy, and petrography of tha shale, sufficient informa 

tion has been obtained to provide a sound basis for possible nining and 

Of the shale in the future.



In addition to xirr-nix/ % r^covcr^ of vhlch vaa tho objective In 

curly etudiea, tho Cb2.tttiror>/> ohale contains thoriun, in qu.'antities 

(7 to 11 pps) about equal to tho cruat^l abundance of that elcncnt t r 

certain trace eler.rnta which tre preeent in cufficicnt concentrations 

to cnke -possible their rccQvrr.y on a by-product besis. .tenong these JI 

manganese, copper, nick:el, nolybdcniLa, cobalt, ccandiua, end possibly t 

on the basis of earlier vor> on tha chale in KentxicJ^, silver end ^old 

Furthort over Inrge treas the sh?JLe vill yield on destructive distilla 

tion approzisaitoly nine Gallon3 per ton of oil. Prelininary studies 

hare been cade by othor organizations on the recovery of the heat val- 

ties in the shale as pipeline gas rather than oil; these studies are 

cunssflriied, elthousu they hare not processed to the point vhere dsf« 

inite conclusions con be dravn.

An the nineral contents and heat values in the shale are at best 

narginal, ecy evaluation of the economic potential of the rock nust be, 

predicated upon the recovery* not of &ny one constituent, but of as 

sruch as the coabined values as possible. Tide condition presents cer 

tain problems, particularly es to the effect of the treatment nece%- 

 ary for recovery of the heat values on the possible recovery of the 

nineral content.



Although tha Ourvay'r. invjati^tiono included parts of Kentucky
>/- '

,,v,t /lobana, estirvites of the reaourcan of the ehale ere.United to da- * /

/inod pRTtc of tho L'orthem and Z.".Etern El ̂ h lead Jtims, the Cumberland 

, end V^lden I'ic^a, all In, Tennessee. In that state the ehale 

cs tvo Lr--.;Jorj ;ha urrper or Gacsavny Licaber, and the lover or 

Esezaoer. I2ia Coaaavcy cci-'ber, except in tlie Northern Ki^h* 

Bins, cocrprices a lower blade unit, a thin middle unit of eltcr*

"beds of err^' and black ehale, and en upper unit of black sh^le; 

jp the northern part of the Btute this upper mit includeo locally et 

5{8 top a phoephatic zone. The meuber containe from 20 to 25 percent
n f ',.*.".

pr^aaic tatter, mid its combined ̂ potential is nuch highsr than tfc&t of 

c iber prjftB of the shale.

Tha Ibvelltcwn Eerier cocprisea tto \mits; c. louer unit of black 

fV&iet vhich contains about 10 to 17 percent organic isatter; and en 

^t»rer unit of gray clcystone. Locally the lover unit of tho taeober is 

tj. cnich &s 3 f oet thick find contcins about 30 ppm uraniua atout h&lf 

tb£ content of the G&ssnvay member -and about the same oil yield about 

9 t*llonfl per ton. It3 position belov the cloost barren (except for & 

rt:&tively high thoriua content) upper unit, vhich is as cuch as 10 feat

, Kokes its utilization doubtful*



flho C.rr.Bsav/^r jA^r.b.ir. wldch in tho only rurt of tho ch^l/i 1I\':; : 

to bo ninod end proc*'iG*'i in th* fcreo^eablc firtiiro, rru?co3 in thic>- 

noao in Tenaosn^ fron 6 to r.ore thsn 20 fret. Ito uranium content ic 

highest in vfeldon Kid£e t vh^?ra iv in ^.bout 70 }ipiat md is eorwvhnt

norths?tvard ^T">TTJ th.it area, Tho oil yield follcvs a different

i; it is nlnoot nogli^ibls in Wnldcn "R^d^e nnd corrpr-ratively 

lo%>--ftbout fivo gallons per tor, in the southern Tc,rt cf the Z'ictfrr, 

Hicrhlcnd !iin; it increases to th-3 north, hovsver, and tho shale in th-_ 

northern Tiart cf the Zastern Hi^ilnnd Ein f end in tho Northern Hifk- 

Irjad Ria nnd rentucky» yields p.bout nin<5 gnllor.9 to the ton. Tho ("if- 

fcr*nt pftttoma of dietrilution arfi interpreted ns due to a positive 

correlation of Tireniun content vith the total pjcemt of organic ^attsr 

in the roc>r f c.3 veil as to nearness to the chore lino of tho Lr.ta So- 

roniaa O»A, vhareaa the oil j'ield is correlr.table not vfith tot.il or- 

CKiio aattar, "bat vith the perc^nta^e of caprop»lic material ir* thi 

organic icaterifil. ^he ur&niva content is highest near tho chore linr 

cad therefore closest to a source area, "but the oil yield is highest 

nearnr the center of the *ea.



Much of the dntr* used in tho preparation of thia report vns nc:-<r.>- 

oarlly t.*ikon fron /tnaiyeca of outcrop Eiirrolcs, srmy of vhich chow ti^s 

effects of weathering on both urcniun content and oil yield. Conpari- 

son of aruilyoes of outcrop eanplea vith thooe of drill cores, vhich nay 

"be presuned to be unventhercd rod:, ehowa that vaterfall exposures, of 

vhich there are nnry in tha ^otem Highland Rint have apptrently loct 

fc» much us 20 percent of thoir ori^iniil uranium content, and that cor: 

"bluff exposures sr.d road cuts have lost less onountc; also, at Eont 

*bluff exposures there has been a redistribution of the uraniom tovard 

the bottom of the outcrop* At euch localities the uraniun loss appear- 

to be duo prinarily to vater running over the outcrop; the raobility of 

the elenent in water, particularly alkaline vaters euch as those froa 

the liny rocks overlying the Chattar»oe», has been ceraonstrated.

Loes of oil yield through veathering follows a different pattern 

from that of uranius loss* Apparently it is a clover process, due ii 

part to absorption of water by the cl£y minerals in the shale, in part 

to actual lost of kerogen through its resaoval as bicarbonate by the &1* 

kaline vaters. Waterfalls, in vhich uranita loss is high, shov little

loss of oil yield as do oost bluff exposures* Tha heaviest loss is in
  i 

road cuts in steep hillsides, in vhich the present outcrop is not far

behind tha original outcrop, and at vhich weathering processes have 

operative for decades or centuries*



A c^idft to tha amount of veL.therii £ of outcrop s&tnplos ic tha 

water content obtained by the Fie char c.c3cy» for oil, imd particularly 

the oil-vater ratio of the assays. Th« oil-wator ratio of drill-holo 

sonples ond of soros outcrop conplea is invari&bly more than 1, and »ny 

run as hi^a as 4 or .$; vhorcaa the ratio for vaathered samples it lesa 

than 1. Additional vork, usin# nore ecnplcs, ni^ht ranko it tx>Baible to 

obtain f roa ths oil-water ratios at least serai Quantitative data on 

weathering effects, rather than the largely (f*«?litative data now avail 

able. For the presant» however, estimates of both the uranitm content 

and the oil yield of the shale should be based on core castles taken 

f roa below the water table.

The total urenitna content of tha Gsssaway nember of the Chatte- 

nooga shale in the northern Highland Ria, the Sastern Ei$aland Pin, the 

Cumberland Platessx and Valden Bidge as restricted in the text is esti- 

. T mated at 8,142,000 tons. The thoriua content for the swne area, where 

,<7 the range is from about 7 to 11 ppa, is estiniated at about 1,100,000 

tons. The oil yield in tha X&stern and Northern Hi^lead Bins is es 

timated At about 12.4 billion barrels; no estimates are given for the 

Ounberlft&d Plateau and Valden Ridge, because of the low oil yield is. 

the Bidge and th« lack of data on tha Plateau.



arer. of hi&heat uraniua content aaa thnt of higbent oil yield 

overlap in fceKalb nnd odjoining counties in tho Eastern Highland Kin, 

vhere an are* of txbout 5CO square nilec in vhich the GasssvBy avors^es 

tbout 1^ feet thicl: is estimated to contain about £&C,OCO tons of ura 

nium, 76,000 tone of thoriim, and should yield about 3 "billion "barrels 

of oil* This high-yield *ir£A protably could "be citended a considerable 

dietsjice eastward if aore data ware tYoilable. /aother area of coro- 

parativaly high conbincd potential.is a"bout 500 Bquare Biles in north 

ern l&vidson, southwestern Suzr.er, and southeastern P.obertson Counties, 

in the Northern Highland fcia north of lashville. In this area tha 

Gasaavny ha& a rsnarkably uniforn t hi dine a 3 of 10 to 12 feat, and has 

a. ureninra content of about 55 Pps cc.d ^a oil yield of $ gallons per 

ton* Ke&ourcdS are estiiuated at 600,000 tons of uraniua, 54,COO 

of thoriua, and an oil yield of 2.2 tillion barrels.

Should it be decided to recover the he&t v&lues in the Chatta 

nooga shale &s gas rather than oil, the rather sparse ti&ta indicate 

that the Gaseavsy se^ber, in the s&s« oroa.fi in the Northern and 

Highland Lima for vhich oil yield is estimated, eight yield approxi- 

Bately 162 trillion dtand&rd cubio feet of g&s having a heating value 

of 1»035 Btu SO?. L'o ttte^pt h&a been cade to eetirxata the resources 

of the trace eloo«nt» in the ch&l^; as the infonnation on cost such 

 leacnts is froia seaiquantitative spectrographic deterninations, the 

could not be aufficiently precise to have each usefulness.



Introduction

Geological Survey 1 1> invcotigations of the Chattanooga ehr.la 

in 19^7 under th« uponsorohip of the 0. S. Atcaic 2ner£y Conrais- 

slon and vere directed toward tho discovery of a large tonntge of ura- 

nixca rsser/es. At that tins tho large deposits of urani-un in the Colo 

rado Plateau end elsevhsro had not "been discovered, fcJid co urgent V^B 

th« neod for uraniuni that it vns considered that the Chattanooga, 

despite its generally lov concentrations of uraniun, night ba used us 

a source of the notal. In later ye^rs the emergence of the United 

States as a "have* rather thaa a "have-not11 nation in urazxiua resources 

1ms relegated the Chattanooga shale to a Earginal or subETirginal status 

tinder precent conditions*

The purpose of this report is to xaake available the Geologic^ 

Survey's analytical data on the Chattanooga shale in Middle and Zajst 

Tennessee and parts of Kentucky and JMabana, with sufficient explana 

tory saterial to correlate the data with the geology of the formation, 

vhich has been reported by fiass (1956). Brown (1956), Glover (1959), 

and Conant and Swanson (1961). Kone of these reports touched upon the 

uranium potential of the shale except incidentally, largely because 

such data vere classified until the reports vere either completed or 

v«ll under vay*
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The Survey 1 a first invaatigaticna of tho Chattanooga ohalo verc in 

the Snithvillo c.rca, rostly in DsXfilb Couity, Tcnn. , vhoro unpublished 

raconnai Beano a studies of A, L. Sl/rurhter and K. G. 23rill showed that 

the fihalo v»s t»re radior.ctive than in othor areas undcrltiln ty the 

ChAttnr.oo£n. The stn»iica were cttcndad later throi^hout the V&3tern 

end Northern Highlrjid Rinss; «nd Viilden Hd^o in Tcnnccaoe and into

 out hern <ir«d central KentucJ^r and northern Alabama. The progrars con-

  i«tod of Krppin^, neasuring, tnd earspling mrserous outcrops of the 

thale, end of asking radioactivity de terminations end cheaical analyses

o/ the socles for \iraniua content. In 19^ the sesiplins VRS sup-ole-
-I)... .-..--. -. J'^. - : ./ 

rented by a enall drilling progrca and by the driving of a ICO-foot

for obtainteu large ocrsplea of unwcathered shalo, both prosros 

carried out by ths Stirvey. In 1953 tha IT. S. Bureau of Mines 

l«rged the adit, and drilled 61 core holes in Tennessee and 3 in Ala- 

Vasa, About 1955 the adit was destroyed by open-cut raining operations.



Until about 195^ tho Siirvoy did littlo /^eoch-mical and rdntcrcJLo.-ic 

vork on tho Chattanooga nhale. £arly coochcaical rod dinaralorric stud- 

lea voro n.ide 'by the I&ttcllo Keaorinl Institute of Colunbua, Ohio5 

later the Division of Keserjrch of the U. S. Atonic Snarly Cormiesion 

sponsored an intensive study of tha chemistry, ninernlo^y, and petrog- 

y of urpniurn-bearing shalc«, with ])crticular cn^hasis on tho Chat- 

i, hy ^ho Pennsylvania Sts,t« U^lvcrnity. The results of thi» in-

on, vhich ws linitod nlnost entirely to tho troncr or 

nenfcer of the ChattRnoof^i shalo, are reported lay Bates (1956), B 

end Strahl (I95?)t Strahl (1950). er.d Kinney (l957t 1958). The Univer 

sity of Tennesso* rjso tss.de a geolo/^ical caul ^eocheaical stncy of the 

ahold* which is reported oy Stochdale and Klepeer (1959).

Sines 195^ the Survey hc« cade a number of fitudiss clirectftd nostl>- 

tut not entirely toward evalur.tion of the shale as e source of uraniun 

end oil; these have been reported by Breger, Meyrovits, and Dsrul (195^); 

Breger (1955); 2regor end Schopf (1955); ^^1 (1957)5 end Brewer and 

Brown (1962). ?tore extensive studies of the geochemistry of the shale 

are reported by Svnnson (I960, 1961). An investigation of the thoriira 

potential of the ahale nade in I960 and 1961 is incorporated in this re 

port.

10



The objective of thin report In an evaluation of tho Chntt&r:0ora 

shale as a possible source of ur^nlu;a c oil, thoriura, gas, and certain

trace elements, 2t is not intended to be a comrehensivo resort on tha* rf "

coTTposition r.nd &colo<;y of th« sliale, as ctudies of that mture vera 

not included in tho S^tfnrey's port of tho Atomic Sncr^ Coinnission's 

progr^n on the Cbp.tt^nooc--* ^or th^t reason mont of tho Survey1 o 

lyticEil data vaa obtained in the ceoarch for answers to specific 

tions rather than as jiart of an overall program, fijid .thero are gaps IB 

the information tliat it has not been possible to fill by later work. 

Thus it ia entirely possible that tho report poses as nsr.y questions ac 

it answers; but it is believed thn.t presentation of the d-.t/i that axe 

available aorvea n useful purpose not only at thd present tisse, but in 

the event th«,t further vork on the shale is indicated*

11
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Area cf

The fLTf:Fi covered by the Go-olojicr*! Survey 'a investigations of tho
#  

Chattanooga ch^le ic chovn in figure 1, vhich shovs iilso outcrop loc^l-

Figure 1. )-Vvr> chovin* T>rirto of Kentudry, Tennessea, and Alabama cover 

ed by the Survey's invnc wi("ation& of the Ch/3.ttainooGa shale, and 

key localities,

ities and drill holes in thru part of the region outside the area of

*more intensive investigations in Tennessee, vhieh is shown in figure 2.

Figure 2. Kax> showing area of intensive investigations of the Chat 

tanooga shale in Tennessee, end localities.

The Saiithville area, in'vhich ruch of the earlier investigations anc?

nost of the drilling in 1953 vas centered, is shovn on a larger scale

*
in figure 37

Figure 3. Map of the Smithville area, DeXalb, Cannon, and Vhite Coun 

ties, Tenn. t showing outcrop of Chattanooga shale, sampled out 

crops t and drill holes.

The investigations were carried on in parts of four physiographic 

provinces: the Kashville Basin, t-ha Highland Sins, the Cumberland ?1&- 

teaa, and the Appalachian Valley-and-Bidge provinces* "Hie Ia5t*na:ced 

province, lyinc east of the Cumberland Plateau, contains a fev expo- 

sur«i of the Chattanooga shale but as it is of no importance froa an 

economic standpoint* is discussed only slightly.

0



* tfashvillc Basin it floored by liticctonoc ana related 

Ordovicinn age, aad &ttzul& generally 400 to 500 feet above nea level. 

Structurally, it is th« eroded crest of the Cincinnati Arch. Tho Chat 

tanooga ste-le, of Devonian a£o, onco covered tha present "basin but has 

been removed by erosiaa except for outliers of tha Highland Kiisa. 

The Highland (Una surround the iJashvillo £asin on all sides, 

standing generally about ^CO to 600 feet Above tho brxcin and P,00 to 

l t !00 feet above sen level. It is upheld by th^ highly roaictant Fort 

Pcyne chert of Hiesisaippiftn ag« or its equivalents, vhich protect the 

steep escarpnents thnt ere particularly proncuncid in fche Eastern High- 

lend Biia. The Chattanooga shale is exposed in the ©soarnnent above th^ 

Ordovician limestones cuid below the Fort Pnyne, generally about 60 to 

100 feet belov the top of the escarpment.

Una Highland Bin i« divided into four Be^sents: the Es-stera,
& 

Korthem, Western, and Southern Highland Bins (see fig. 1). A3 usually

described, the Northern Highland «in is separated from th* xastern and 

Vest era segaent» by tha Cumberland Hver* The Southern Highland Bia is

mostly in j&abaaa, and is separated from the Eastern and Western High-
-^-Cj.  
Icind Sins ,by the Zlk Eiver. 7or tho purposes of this report the Vest-

^ X '-J

«rn and Southern Highland 'Mn8_ are of Dinor importance; in the Western

Highland Bia the Chattanooga ehala" thins southward to extinction, and
fr'~ 

little data on the shale in the Southern Highland Bin are available.

Kost of the geological and geocheaicol data, and all of tha resource

 itinatta, are limited to the Eastern and Northern Highland F.irs.



Bocauno of cbsngee in tho chsracteriistice of the civile in the 

northern part cf tho Zaatnrr. Highland i-dn us defined above, for the 

purpoaen of this r«;>ort tho boundary between tha Northern and Zaatern 

Highland Pir.s is redefined ts tha line of P-oaring Eiver, a westward- 

flowing tributary of the Cumberland Eiver in Overt on and Jackson Coun 

ties, ?cna. Tfca ar*a north of Hoar ing Kiver, uoually considered ae 

part of tha Eastern Ei^hland ?:in, is hero placed in the northern High 

land Kin. Sirdlarly, as the Western Highland 2in is of little interest 

but as tho shala in Chcathan and Bavidson Conntios io essentially a 

continuation of that north of the Cumberland Biver, the boundary of tho 

Korthern Eighlajad Bim is placed at tha southern boundaries of those 

counties.

The CumberXand Plateau is east of tha Zastcrn Highland Bia in 

Tennessee, and *outh of the Southern Highland Him in Alabama. In 

Tannessea it stands about 800 fact or core above the Hi^iland Bin and 

1,800 to 2,COO faet above 8aa_ level; in Alabada tha altitudes are soae- 

what lower. ?h*» Plateau is upheld by rocks of Pennsylvania aga which 

contain valuabl* coal bads. !Ehe eastern boundary of tha Pl&tean is 

tha Cumberland Trent, vhich abuts the Tennessee River valley in Tennes 

see but is not so distinctly marked in Alabama.

Southeast e^ Cusberland County, Tenn., the Cumberland Platean is 

broken by the S«<juAtchie Valley, representing the eroded trace of the 

SeTuatchie Tault % Because conditions in Vfalden Eid^e are widely dif 

ferent froa thos* in the Cunbarland Plate&u proper, the Ridge is dis 

cussed separately in this report.
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.Analytical data
*"* 

During the field work on the Chattanooga sh&le arjproxia&tsly 3|COO

vere taken from about 230 outcrops, 75 drill holee c and an 

edit* All of the samples were tested for total radioactivity and vere 

analysed chariically for uranium. When theprogran began practically no 

analytical vork had been done on camples containing uranium in concen 

trations as low &s those in the Chattanooga, and the Surrey labora 

tories vare forced to attack the problem practically from the begin- 

&i&g« ^7 1952 isethods had been worked out which gave reliable chemi 

cal analyses vithin a precision of / .0010, or 10 ppn; these methods 

bare teen reported by Orimaldi and others (195*0*

I& 1953 *ne Atomic Energy Coomission requested that uranium analy 

se* of the Chattanooga shale be made to & precision of /  .CC05 or 5 

ypB, said all analyses made after that year are to this precision. 

tests of the precision of the analyses are reported by May in & later 

Mellon of this report.

17



All uraniim nnnlytea unod in thin report vero cade to a precision 

of 5 ppn except a fov/ rnde in 1952 to n prncicion of 10 ppa f vhlch «rc 

noted in th» tnbles. Th<* data used includo about l f l"0 canplos, taken 

from 4? ontcro^s and 67 drill holes vhich, vh«n the rather reaark&ble 

tmifomity of the shale over considsrrvblo erects IB trkon into consid 

eration, ni  fcooci cov^re^e of the area studied. Th« locslities arc
»£ * 7^

ehovn in figures 1 nnd 2 cr.d in figure 3» vhich 8ho«-fl on e lf\r{»er 

ecale the Snithville nroa in vfhich the earliest work \,n9 done and in 

vhich xaost of the drilling "by the Bureau of Mines in 1953 vas concen 

trated,

Complete chenical luial^'eea were nade of shale sanples fron 9 lo 

calities, and scciiouantitRtive snectrosr»phic analyses were cade of 

conples fron 16 localities, /uial^'cea for thoriun vere m?.d« of

from 9 localities, and -nyrolitic oil yield vas determined on eesmles
 M 

fron 3^ localities.
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Formations underlying tho Chattanoocu final e

In the Zaotorn end Southern Highland Kins the Chattanoor^ ah/vlc 

rests unconfomably on the Liepers and Catheyo limestones of Ordovician 

fl£e. In tho Vo^thcrn Hlghlr-nd Ria the underlying rocka are the Rich- 

. v̂ '*.>, nond group of Ordovicicn c^e r<.r*d tha Brassfiold, Osgood, find Blcdsoo?vr-
\ > A f j,- formations of 5il\irian age* In Vslden Rid^o the ehale is undorlain ^7

* )< >>- '''

  
" x *'x the Bichniond £^oirp mid the Brassfield formation. For the Kaahville"el^

 .*' B&flin Wilson (19;*9) ha» ehovn that during Ordovicien and Silurian tire

the present basin vas covered ty a thick sequence of sediments, ooctly 

limestones* The area vas then uplifted above sea level end subjected
 T

> s~ ^ ' 

to continuous, erosion dui'ini; naich cf Silurian tir.e tind all of iwrly and 

. Middle J^cvonian time. By Lftto Devcniwi tijae it bad been reduced to a 

peneplfdn, bounded on th<a southei-tt by a grcjiitic lancnaes that extend 

ed southvest througli vhr.t is now veetern Korth Carolina to .the vicinity
dWC7t/

of th« present Binain^hnin, Alabona. Horthveet .and southvest of Birmin^ 

haiQ tho present cover of coastal plain depoeits crakes tracing of the 

Devonian shoreline difficult, but froia the fact tfc&t the Chattanooga 

shale has not been found in the Mississippi subsurface except in the 

northeastern corner of that state, it appears that tha bounding lend- 

sass turned north and cat Oz ark la f^ which extended north through Ten 

nessee not fc.r frou the present course of the Tennessee P.irer vhere it 

separates West fron Middle Tennessee. To the north, the peneplaned 

area that vas covered by the Late Devonian epicontinental sea included

such of the present £antrcl United Statea and extended far vest of the

19



Klfl«iceijrpi River, The extent of thif e^a is ahown ia figure-

Figure J*. Probable extont of Late Davonian fmd Early

e«ft in parts of tbo }uiotcrn United States, from Conant and

froo Concat iina Swansea (19^1* pi. 1*0   which show a also the area 

covered in Late Devonian* tina \>y deltaic scditasnts zmd thr.t covorsd by 

marina deposits.
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££. shale

v N Gonoral ctttcnient 
i-

Previous report a on the Chzittuiooca shale treat It primarily

t, formation cospristng tvo nenberB-   the lower or Lowelltovn member 
< 

the upper or C-assav»y ne&ber. Iho Dovelltown ncsiber in turn is civic-

ible into tvo rciite~e lower or black unit wnd an Tipper or £Try vnit. 

The Gttssavsy meabor is divisible into three units  e lovrer blr.ck \r\it, 

& middle unit of alt erna tins "black and ^ray bed«5 t and wi uppor unit of 

black shala. In addition, [the -cpper unit ofjtha Gcssavsy containB 

locally at its top & phosphatic 2ono. 2ach of these units differs fro& 

tho others in its economic potential, particularly &a a source of uri-~ 

niua, and for that reason is discussed separately. ri'nesd units are 

shown in the Btratigraphic scictioa (fi£« 5)» ^ a corollary to thie

Tigore 5. Stratigrap^-c »action of the Chattanooga shale.

B«thod of troatnant, the 3 tzuti graphic 3 act ion of this report ie longer 

and core detailed than wold ordinarily be given in a report of an eco 

nomic nature. Resource entia&tea for the formation ms & whole would be 

not only useless but possibly aislo£din£, &ra therefore not giran; 

instead, estieiates are cude for tbo lower omit of the I<c WG! it own ne^- 

btr; tht upper unit of the Xttvdlltcvzi confer; and tho Gase&vay icenbor 

as a whole, for the reason that in uny future pining operation that 

 ember probably vould be taken in its entirety. However, for e United 

area, in which the upper unit of the Gaesavay neaber is of mineable

21
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tfaickneat nnd te* contrail V6ly high uranlan content uul oil yield, 

for. that t»nit arc givea also.
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Tho Caattrjioo£7i ghp-le in tho area covered by thin report in tho 

southern and southeastern part of a vr.nt area underlain by csrbosviceous 

chalcs laid down in the Lato Devonian cpicontincnta.1 oca (fi£. ^^ ej:J 

designated by various names the Antria shale in tfichigcn, the Ohio 

shalo in that statte, s>nJ the K?w Albany chela in Indiana. All of these. 

fonnrvtions i^re .csrrelstiv.* and forn & continuous sheet in the re^ic-. 

The peneplnned curface on vhich they wore deposited vaa not of course 

absolutely level, and the waters of the eea, coving in from the north,
'> : . ' ' s

encroached gradually to the south and southeast. Probably they fom^d
/

first n aeries of wirshy IrOces (Theiesen, l9?-5t P- 2^u25) t which later 

coalesced as tha sea level rose to fora a vast body of oh&llow tater ix 

\hich bottom circulation vaa poor, and therefore in which roducir^j con 

ditions prevailed. Probably the last part of the region covered i-y the 

sea, r.» chovn by tho fossil evidence, v«3 in Tennessee and /dabtii^.. In 

the lover part of the Kew Albany ehale of Kentucky end Indiana fossils 

of Gisneseo f.ge, cl&aeed by Cooper (19^2. p. 1773) P.S being of latect 

Kiddle Devonian f^e, have been found; in Tennessee simil&r fosailB k/^ve 

"been found only in Kacon and adjacent counties in the Torthern nicMrr^i 

Bia, la the Troue&ile fonaation of Pohl (1530). Cooper reports one 

fossil of Geneseo r£e from an unnamed locality in ALabaiyi. Zscept for 

the snail are^t vhich contain Gene&eo fooailc the Dowclltown aerber of 

tha Chattanooga shale in Tennessee and Alabama is in general equivalent 

to the Finger X«kes» Chenung. and basal Csssadega stages of the Upper 

Devonian of Kev York (Eass, 1956).
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Deposition of th<* Chattanooga shulo in Tenn^isee and adjacent 

o tat OB covered r-uch A Icr-g period of tirao  tho ce^erally accepted fig 

ure is about 5 million ycr-ra that any interpretation of depositions! 

conditions cunt of necessity be highly generalized. One postulated re 

construction of the Tennessee and Alabama portions of the Late Devonian 

sea (fig. 6) shows tno approximate cout heat tern, couthern, and western

Figure 6. Sketch nap showias probable lund and sea areas in Latt> 

Devonian tine in Tennessee end adjacent states.

shorelines of the sea at its greatest extent; land arena separating the 

eca in AlabRsa f roa that in Tennessee during Dovelltown time and early 

Gassavay tine; and an area in Lewis, Laurence, Voyne, and Giles Coun 

ties, Tennessee, and Limestone County, Alabama, that was never covered 

by the sea. This area, designated tha Hoher.vald Platform by Conant fend 

Svanson (I96l t fag. 13) is naaed for the town of Hohenvald, Tennessee, 

ffM can be delimited' with a high degree of accfiracy. Figure 6 is taken 

largely from Conant and Sv&nson (1961, pi 1^ and fig. 13); the postu 

lated land area in northern Alabaaa during Dovalltovn tine, however, is 

enaller than tltit shovn by them or by Glover (1957t fig. 16). This 

change vas m»ds after coar^arieon of the cores from three drill holes in 

Blount County, Alabama, with those from holes in Tennessee in vhich 

the Eembers of the Chattanooga sh&le are clearly distinguishable, and 

<»n the basis of chemical analyses of the cores from drill hole Co**. 

Differences in the ê ross conposition of the shale as shown by the

analyaes (vhich vere not available vhen Glover wrote hie report)
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inrticut* Etrondy that the uppor 11.95 feet of tbo Sh*l« at thU local 

ity i. tho toawwtf «*«*-«  *"« ^ lover 7.* *c«t i« th« Jtowalltown

 nibor. instead of th<. eutiro section inilna CM««wsr *» 01*w cowilo-

*red it. Thsrsforo tho eoutheru bouncary of the land area in Dovell- 

town tine has been wnvoti northwarJ.
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IIEU.ro 6 chovs aloo the general couroc of c. Lit'- iv»vonl/m arch ex«* 

tending northeast from tho Hbh^nvald Plntfora into h"cntucJ:y. Alons 

this ridge tha Dovelltoun nsclier of tho Chattanooga shale ic thin and 

locally accent, trot thickens to both the northveot and southeast. Aloo 

shovn io tho direction cf tho Late Devonian eeoaynclino in vhich tho 

Late Devonian deposits are thickest (Consnt and Svcaoon, 196lt P« 51» 

fig« 13). Tko geosynclino enters the area of this report cli^htly JLT 

at all, but its influence extended far enough couth to account to eoce

degree for the thickening of the Chattanooga shale northward in the
* 

Velden Fld£3 area, particularly at drill hole C<0 (see fig. 2).

It ccnnot be ecaphasized too strongly that figure 6 attempt8 to Bfcci* 

in a highly generalized vsy only tho shorelines of the Late Devonian 

sea at its greatest extent in Douelltovn and Gessa^ey tinea, and that 

the shorelines in all likelihood vere far core irregular than is indi 

cated by the lines on tho nap* Further, as the sea advanced southward 

over a peneplanad but not level surface, the shoreline at any given 

time was irregular, Barked by xoany estuaries or email eabayments. Al 

though the uniformity in composition and general characteristics of the 

units of the Chattanooga shale over large areas is truly remarkable, 

small but possibly significant differences have been noted at A nunber 

of localities end in more than one unit of the shale. It is reasonable 

to assume, although sufficient information to prove the caae is lack 

ing* that these differences nay be explained in part by the location of 

tho shoreline at the tine the affected unit was being deposited*

**.



The eertir.mtB thrt entered the CViattanoo^a pea vcro

ned raid could Kivo been transported by either vind or \t*dt/er. 

In Tennefcce* the priianry source of the sediments was the land-mo a to 

the southeast, that is interpreted as consisting of granitic roc^a 

standing not nuca above sea lovolj had they been high, nore and coayo^r 

detrital laaterial would hnva been brought into the sea. The shales in 

Alabama, howovcr, are cendier than those in Tennessee, and tho dotrital 

caterial is coarser.

In both £Labaxa and Tennessee Reposition] the consensus is that 

deposition vas continuous, except locally, throughout not only Late 

Devonian tiae but also throughout Hississippian time, vhen the nuda of 

the Chattanooga sea were covered and compacted by the younger forma 

tions.

Dowelltovn camber

In Alabama and th$ Northern Highland Hia of Tennessee the Do well' 

tovn neaber consists of dark*»gr&y shale; in the Zafitern Highland Biz 

and the Cunberlund Plateau, including Valden Hid^a, it is divisible 

into tvo units; a lover unit of black shale, and an upper unit of &rcy 

clay s tone. I The econooio potential of the aeaber is limited largely to 

areas in which the units are distinguishable.]
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Lover unit 

Tho lower unit of th^ Itevolltown member is a djirk-cray to

.nod c^.rbr-nftceous ailtstona that breaks with Q conchcidnl fr~o- 
  /

ture ftnd th/it vh*n freshly broken omits * petroliferouc odor. As a 

distin£uiohn.ble yjiit it in prnsent only in the 2n»tam Kinhlwid Pin, in 

the Cunberlrind Plateau, and in Walden hid/^e. It ic thickest 8 to 10 

feet along the Midland Kirn escaronent in.Coffee nnd Ccnnon Counties, 

Tennossee, pJid the ori^inrj area of great^et thickness probably ir>-

, eluded npst of the present Nashville >3r^in. It did not extend as far
  / *  

vest, hovevar, as locality 105 vsoe fig. 2;, which contains only temper

\ Eovnlltovn beds, lie unit thins er.stvard; it is r.bsent in the southern
s

\*> 
part of Valdon !Uc^e, and'only 2 to 3 fest thick nt the northern locra-

itiea. In the latitude of northern Franklin and Marion Countiao it 

thina eoutlivard to extinction, and north of tha Roarins Elver line it 

cannot be id«ntifiad becauaa of facias changes.

V
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The generalized ieopach inap of thr» lov/er unit of tha 

member (fi£. 7) reflects tfc« Sparse data for carU-in r*.rts cf the area,

7. Generalized icojvich map of lower unit of the DDwelltown

particularly in eastern i^tiiaia c'jid -bite Coiintias anc. v^stsm Ccr.'ber-
'.   >  t ' r <"    '  -. 

land Coxxity. Iha only precise data-^e those froc drill hole C211,

vhere the urlt is 2 feet thick. Totel taicloxeseea of th* Cbattenoo^r. 

shsla in the area north of locality C211 as sho-^n oy oil-tall lo>rs 

(Milbcua, 1959) » find evidence that the G^ssavey jceiatsr nainteind a 

fairly xmifonn thickneas in that direction whereas the thickness of th 

total format inn decreases, indicate "ihat in isuch of the erea tho 

tovelltown remoer is thin, end the lover rait rery thin or

The lover init of the Bo veil town ro^mber ia virtually homogeneous. 

Tha characterifitics of the shala, and the fact that the enbaynont in 

which it was deposited %m« landlocked or at least barred on all sides

 xcept the north nnd possibly was barred to eome ejctent on the north

 ide, indicate deposition in a "barred basin. Into euch a basin but 

little detrital xaterial vaa introduced, and atrongly reducii^ condi- 

r\ j-^ tions prevailed in the bottoa *



Fig. /M Generalized isdbacfa map of the lower unit of 
the Ucx-fellt^^n asmtier ofthe Qiattanooga .hale

Isopach interval, 2 feet*



Upper tsnit

Tho upper unit of tho Dovolltoun comber la a nediutv- to 

clayetono which contains a nunbcr of beds of dark-grey ahalo 1 to 3 

inches thick. It roats corvfonmbiy upon ths lower unit and covsrs a

larger area* tbi.9 representing a eligjit enlargement end possibly a slow
rUr n f-;< 

subsidence of the Jto well t ova sea.

thickest retraining e^pociiro of tbe insper unit of the Dovall- 

town neaibcr ia at locality 185 In southeastern Villiaason Couaty (oeo
i * '--,

> fig. 2) vhera the unit is 13 feet thicl:. It ia 8 to 10 feet tbick in
  

De2alb &nd Cnnnon Counties in tho 2a»tern Highland Kin, and thins south-

' vard to cztincticn a short dictance south of tha southern limit of the
-. 
j lover iznit. It eileo thins northward froa the Sdithrille area to the."' 

"_
''  

-> \ Eoaring River lino, vhere it becomes indistinguishable. To the east, 

it i« 8 fe«t thick at locality C211 and 11 feet thick at locality C5"0;
r 

'"'-' '-. **.. '  v ' ' «"

thefe thicknesses compared to the coaparative thinnest of the lover 

unit at the sane localities, indicate a subsidence in those areas which 

nay be related to the Late Devonian geo&yncline vhich is veil developed 

to the northeast* A generalized ieopach map of the upper unit of the 

Xtovelltovn meaber is given in figure 8.

Tigure 8. Generali2ed isopach nap of upper xmit of the Dovelltovn 

meaber*
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Th>) gray clayntonc* of tho upper Dov/olltovm contain only about 

third to ono-foiirth .13 ruch organic matter as the \mdorlyir.g and over 

lying black beds. 1'hiu differonce could bo attributed oithor to a ruch 

greater influx of datrital material into the sea during lato Dowelltown 

tine, or to a cfrat]g:e- from reducing to reutral or even oxidizing condi 

tions in the sea* Avnili-ble evidence, including; analyses of the shale- 

\-» vhich are discussed in later sections of this report, sum>ort the ctcte- 

\T -'*' oent of Glover (1959, p. 156) that the gray beds of the Chattanooga are

,.- :~ , . primarily the result of larger amounts of detrital catori&l in the oea
'j. 

' ' r«.thcr than of a change in conditions. lOie ^ray beds thus represent

rnch fester depo«ition than the black beds.

^trouirhout aost of the S^.st^rn Highland Tiia, the Cuxberlfuid Plc^- 

lets*., and Valden Pid^e the u^per unit of the !xr*oiitowa aeabcr contains t 

everywhere within 2 fa«t of the top of the unit, the O^ntar Hill "ben- 

tonite bed. This bed, which ie only about 0.1 foot thicl: but vhich i- 

easily distinguished in tha field, represents a fall of volcanic ash 

from a source vhich probably was ,1 considerable distance to the east or 

northeast (Conant end Sv/anson, 1961, p. 31-32). ?hs discovery of the 

bed ly Rasa (19^8) i* strong evidence p^alnat tho belief, widely held 

before 19^7  that tha Chattiinooga shale is a tino-tranagre&sing unit. 

The bed is absent in approxicately the northern h&lf of Cannon County, 

Including localities 99, ICO, and 101 in the Eastern Highland Kia («ee 

fi^« 2), and in truch of the Sbrthern Eighlend Him.
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Undivicc-d raanber

Throuc-°ut th* florthsm Highland Kirn a« redofir.ed for thio rrport 

the Dovolltovn nasber is a r-.eci'aa-diirk-crt.y to dar-r-^ray chaia of mzch 

tho fttuao £.pp&ir&£.ce and composition frca tot torn to top* At most out 

er op c it c&a, be disiir^uished from tha overlying Gassaway scoter "by its 

thinner heading cjid its tendency to be receesed slightly, but in drill 

cores tho nefcbers can be differentiated only with difficulty czcjrpt 

lowilly vhcro the Brcusford pandotonc t>^d (Conant and Svonaon, 1961, 

p» 35) 1* present at the fcase of tho OTarlying Gassawey acmber.

Tho lover part of undivided Dovelltovn raeribcr ie the oldest part 

of the ChcttPJinoga shale in Tennessee, ns shown by the presence at the 

bctce of tha r.enber in northern Jfccca and adjacent counties of the 

Trousdile formation of ?ohl (l?20). TMa -unit, only a f«w in«hes thick 

id here included ia tha -undiTidcd Ibvelltovn nanibor. It is present 

close to but vast of the late I&vonian arch that extended northeastward 

froa the Hohenwnld Plat fora into KentucJiy.

The thickneas of the undivided Dowelltova sercber east of the Late 

Deronian arch and vest of the Cunibarlsnd Elver is from 0 to 3 feat; 

tast of the Cuaberlaad Eiver the thickness ranges frca 3 to 6 feat in 

Tennessee and* on the basis of scattered ccnodont data (Has3, 1955) it 

it eonevhat less in southern X-sntuchy. 'feat of the eroh the 

of the nas&ar rashes from 7 to no re than 15 feat and vnrica 

within short distances, indicating that in that region the aenber vat 

laid dovn on a comparatively uneven surface. South of Havidsoa County

the m«3b«r thins to extinction*
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Data on tho Lowelltown member in the Korthrm Highland liim ,-iro 

relatively sparse as compared to those on the Gassaway member, bur.ause 

at many of the localities studied the Dowelltown nember was neither 

measured nor sampled. The generalized isopach map of the member 

(fig. 9) reflects this l^ick of data.

Figure 9« Generalized isopach map of the undivided Dowelltown member
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Pig. «fT:  Oei«r«illz d isot>ach mau of the undivided

' mcraber of the Oiattanooga shale

Isopach interval 5



At several placoa in the v:ostern part of tho Northern Highland 

£ then localities 203B and C55, gray beds similar in appearance 

to the Upper Downtown of the liistorn Ki^hl^nd Kin occur between the 

black Dowelltown and the overlying Gacsaway ceiabor* Although the 

distances arc too great for positive correlations to be rmde, the 

presence of these ;?ray beds, and the presence locally in other parts 

of the Northern Midland Hiai of apparent angular unconformities 

between the Dowelltown and the Gassawy, are evidence that the black 

undivided Dowelltown of that region may be in large part correlative 

with the Lover Dowelltown of the Sastern Highland Rim, and that over 

much of the region beds equivalent- to the Upper Dowelltown were never 

deposited or, if deposited, were renoved later by erosion. If the 

Late Devonian Arch was a positive area during much of Dov^Htown tine, 

the absence of the £ray beds is readily explained. The absence of the 

Center Hill befatonite in the Northern Highland Rim is of interest in 

this connection, although data on the source of the ash fall which 

the bentonite represents are too scanty to adait of a positive 

conclusion. There can be no doubt, however, that the Late Devonian 

Arch exerted a considerable influence upon Dcvelltown deposition* 

Northwest of the arch the Dowelltown is sancfcr from bottcsa to top, 

whereas to the southeast it is sandy only at the base (Hass, 1956, 

p, 19)  Also, holes drilled in 1962 in Logan and Simpson Counties, 

southern Kentucky, show that the entire Chattanooga shale section 

there differ* widely froa that at the closest Tennessee localities 

(T» M. Kehn, written cosnunication, 1962),
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The lover bedc of tho Chattanooga sh/ilo tt localities C#4, 

end C£6 in XLabr/na are considered in this report an being of question 

able Uovolltovn age. Qhe dictanca of theao drill holes froa other 

localities, end tha lack of paleontologic data, cake any attempt at 

positive correlation io^poaaibls at this tine.

vay couber has .-rocli greater potential aa a source of 

nitm, oil, and other econcsdc procicts than either unit of the I 

tovn aanber, end for that reason Host invastigiitions of the Cliatta- 

noosa shale have been concentrated on tha Gaae^vay. Tha best evidence 

is that excapt for the Northern Eishland Jvin cad a eaall part of th« 

ighland Eia deposition vaa coatiirooTia fron Dovelltown into 

tii^o, and for the region as a v&ole thure was no abrupt chan^- 

in deposit ional conditions. Thore were, hoverer, & nuaber of differ- 

ancea at veil aa sinilaritiea "between the two ne^bers that should be 

into considdr&tioru



?hc first difference lg t Steal during Ibwolltovn tiiw th-- Chatta 

nooga. «ca in ALdbasdt T«pnfte3see, and southern Kcntuc.'cy vat divided ir.ta 

esbcynento, separated frora c&cit othar by tho Fbhonwald platfora and by 

urchoa or ri^es extc.nUn^ northaast and e^st from the plp.tforsu The 

Tenn&9*e* ^m^dym^at inclia^d the present Eastern Highland JUa, Cumber- 

lend Pl&tdaa, «M<1 V/alden Eid^a; this ertbaycoent vivc despc&t in tLo West- 

©rn part of tiio Eastern Ki^hlatna P.iza § and progressivoly sKallovcr 

northward; in southern Kentucky it r3uy be considered as barred except 

northeast of '..'aldsn Kic3go. Tho Alsfcsaa fcabeyiaent «QS separated f ron 

that in tonnessoe by tha rid^a that cxtcndod c^Jtvard froa tho I^nen- 

vold Platform to aprproxinat&ly thd present location cf Chattanooga. 

In contrast to tho separated e^bo^-nonta of icwelltovii tino, tha saa 

during Gasacvay tina covered the entire ra^on and foraod cao £^cit 

s out bom extension of tha noin pi^ttc^coga oea,

A second diff crcnco, relating to 'Tennessee anc southern Kontucl^y, 

is that the deepest part of thd Gus&avay sea vas considerably east of 

the deepest part of the £o well town aeat and that ne^ir the Tcnneaeae* 

Kentucky atate line the &&ss£.vay sea deepened northward, whereas the 

Xbvelltovn had becoaa progressively shallover except where influences 

by the geo sync line to the northeast*



% A third and r.ost important difference may "be postulated froa ;ha 

aaeh filler proportion of gray beds -in the Gasaaway oeaber a* coio- 

pared to those in tha Soualltovn nonsbar, and from tha higher perccnt- 

agd of caroonftcsous Tutorial in tha Gaaeayay neiaber. If, a3 aeeres 

likely, tha gray beda represent prir»rily an incrcasa in tha eciotmt of 

dotrital material brought into tha sea rathsr then chcjigcs in bottoa 

conditions, it follows tir^t deposition dxirinc Gas savoy tino vas cuch 

 lover than it had been during late Sovrslltovn tiao.

Sinilarities bctv»»/m the tvo laenbers incliivis the absence, oxcopt 

locally, of smy bada in either msnbar in the ITorthern Si^hlcnd r.ia 

and in .ilabziEa. Also of interest, though its cesnins is not Iniovn, is 

tha fact thnt the gray beds of tlio Gassavay netiber are present in al- 

tost exactly the Side area as those of th* upper nnit of the Inwelltova

In etirsiaryt the gonoral picture of deposition of the Gc 

a«nber in the ara* of this report *B one of extron^ly alow deposition 

in a ihallow aea ( Conor. t, 1956) t into which cnly a snail acouat of 

ietrital material vas introduced end in which bottom conditions u^re

 0 strongly reduoir<5 that tha great acount of carbonaceous csterial in
*

black nuda could not ba oxidised nor removed by scavengers,



"
The thickness of the Gausavay ujczaibtr in Trnncosaa rangea from &-

tout 4 fcot in southern Tennessee, not far caot of the Hohenvald Plat-~

form, to 20 feot nt locality C50, northeast of Walden Kidge, and in the

 astern part of the Northern Highland Bin. In the western part of the 

JTorthern Highland Kin the thickness of the Gaesavay, like that of the 

underlying Dovelltovn, is comparatively irregular but in general it 

thins westward to the vicinity of ITashville, and southward from that 

city it thins to extinction. An isopach map of the meiaber is given in 

figure 10.

Figure 10. laopach map of the Gassaway member.

In the Eastern Highland Kirn as here redefined the Gaseaway member 

in divisible into lower, middle, and upper units. These units can be 

distinguished also in cores from the northern localities in Waldcn 

Bidge, but can be identified with difficulty if at all at outcrops in 

the cane area. In the Bortharn Highland Bia and Alabama the Gassaway, 

like the Eo well town, cannot be subdivided. At the top of the upper 

unit in the northern part of the 2ast«rn Highland BiM, and locally at 

the top of the undivided member in the Northern Highland Him, iff a 

phosphatic zone which, because of its influence on the concentration 

of uranium, is discussed separately in the text and shown separately in 

the tables.



/<> 4
Fig. tt:  Generalized isopach map of the Gassaway 

Bember ofthe Chattanooga shale

Isopach interval 5
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Lover unit

The lover unit of the Gaacavay nenber ia a tough, 

dark-gray to black shale; in appearance, general composition, and other 

characteristics it is cuch like the lover unit of the Dovolltovn ceo- 

bor except that it is soaevhat thicker-boddod. In the Eastern Highland 

Him and Valdcn Eicl£e it reins, conforzn&bly except locally, upon the 

upper unit of the Do well town member, the contact being sharp or dis 

tinguishable within one or tvo inches. It is thickest   8 to 10 feot   

in Varren, eastern LsEalb, vest era Y/hito, and southern Putnaa Counties, 

and thins in all directions froa that area except for a thickening et 

locality C50 in tho northern part of the Walden Eidge area. XTorthward, 

it disappears as an identifiable unit near the Bearing Biver line. A 

generalized ieopach map of the lover unit of the Gaseavay neaber it 

giren in figure 11.

7igure 11* Generalised ieopach nap of the lover unit of the Gassavay

Middle unit

The aiddle unit of the Gassavay neiaber consists of a sequence of 

alternating thin (l- to 2-inch) beds of black and gray shale* At most 

localities 3 to 5 £Tay beds can be distinguished (Conant and Svanson, 

1961, p. **0), but individual beds cannot be traced for more than short 

distances and they probably are lenticular.



*  Gensralized -isopach itiap of the lovrer unit 
of the Gas^^wa/ ccubar oiUit* Jhatt-nocb a

interval 2 foot
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Tho unit 3 s thickest about 3 f«0t- in northeastern Warren County,
*T 

northwestern White County, End southern Putn&a County (nee fie. 2j.

Frors this area it thins in all directions, being about 1 foot thick in 

the southern part of t.ho Eastern Highland Hia, at locality C211 in the 

southeastern part of WbJ.te County, e-jid in the northern part of tho 

V&ldcn Hid^o ares.. It csji&ot be identified north of the Soaring Bivep 

line.   A £ensraliz d icopach m&p of the tmit is given in figure 12.

figure 12. Generalized iecpsch cap of the middle unit of the Gassavay

member.

o .

39



Flg Asopach map cf the middle unit of
tho Gass:'.way renber of the v^i«»ttanoog«i shale 

Isopach interval 1 feet



Upper unit, including the phouphatic zono

The upper unit of the Gaasaway aamber is a tough, nausivo "black 

shale that at isost outcrops project! beyond the ICBB resistant lover 

units of the membor. Its thic!rness f including the phosphatic zone 

where it ie present, rarvjss fron 2 to 16 feet in tho Eastern Highland 

Him and from 6 to 10 feat ia Vtilden Eidgs. It is thinnest   3 to 4 feat

 in the western part of the Smithville aren and adjacent parts of Can 

non and Coffee Counties, end averages about 6 feet in thickness over a 

large area extending east from tha Suithvillo area to the vicinity of 

locality C211. Proa that area it thickens eastward end northward, 

especially where the pho&phatic zone is present* At C50, the northern- 

cost Valden Bidge locality, however* where the phosphatic zone ie very 

thin  probably abo-at 1 foot  the unit ie 10 feet thick. A £«i 

isop*ch »ap of the upper unit of the Gessaw&y inesiber is ^iven ia

 are 13*

Tigare 13* Generalized isop&ch nap of the upper unit of the Gasseway 

neaber, including the phosphatic sona*

\ \ * 

The thinning of the upper unit of the Gaetxaray aether in the

«m x>*rt of th* Sail thrill 3 area, is d^ie to erosion of tha xrsperinost "bcdej. * r

toward the end of Gassavsy tias (Couaat and S*/ansonf 1961, p. 3£).
a^ Y^-- :--} 

This area is approximately the s».ae-*hicb- was uplifted tou'ard the close
C.^-^-»-*  " A "^ /

of Dov«lltown time aad the upper cedi of the Dcvelltovn, inoluding tht-' \. .  -
Center Bill b4ntonite (/ *er* recoved,

/
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Fig. flft Goneraliaad isopaclri jaap or tho upper unit of 
the Gassawiy oember oitho Ciiattaiioo^a thcJLe, including 

the phosphaiic zone

Isopach interval, 2 feet



Undivided

In the Northern Highland Hiia the GaaBe^ay member is a "black ehale, 

essentially homogeneous from bottom to top, and considerably lest aao- 

sire than the upper unit of tho njmber in the Eastern Highland Riia. It 

is frora 10 to 18 fest thidc in Kacon, Clay, and Jackson Counties, and 

ranges considerably in thickness vithin short distances.. In general it 

thins veetvard, but over a large area in Sumier and I&vidson Counties

it has a rosarkably uniform thickness of 10 to 12 feet. Like tho
fV--   '-' ' 

Dovclltown cenber, it thins to extinction south of llashville. ' A gen-
t' 

eralited icopach cap of tho member is given in figure 14.

Figure 1^. Gener&li2ed isopach map of the undivided Gassavay member.



isopaoh uap ol* tha unoiviaed 
Gaasaway member oftha whi»toanoo!--a shale

Isopach interval, 2 feet.



Fhocphatic zone

In the northern p&rta of the Eastern Eighltnd Pira and Valden 

Bidge, and locally in the northern, Highland Rin, the uppermost beda of 

the Casaavcy ncnfoer contain phosphatic nodules, usually less than an 

inch in djLa/oeter, that occur either in distinct It^era or disseminated 

throughout the shale. Everywhere the change fron the typical upper 

Oassavay beds to the bods containing nodules is gradational, and for 

that reason the thickness of the sone as ehovn in figure 15 is not &a

Figure 15« Generalized isopacix map of the phosphatic zone of tha 

G&ssavay neziber.

precise as the capped thicknesses of the units of the meaber. tfith 

that qualification, it nay be eaid that the thickness of the zone 

range! generally fron 0 to 4 feet, although it reaches 6 feet in Jack- 

ton County near the Cumberland River and at locality 4 in Pulaski 

County, Kentucky.

Conditions under vhich the phospbatic zone vas deposited bars 

teen discussed by Svsnson (1961, p. 96-97). The zona is of econonic 

interest because its uranium content is inrariably lover than that of 

the Oassavay beds below the zone.
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Anomalous uz,j» at locaiity

In drill hole C4£ in the northern part of Wnlden Rid£« (see fig.
*
2) the upper b feet of the Gassavay ncisber ia BO anotoaloue, both ID

appearance and composition, ac to require an attempt at explanation. 

fti.6 interval is al>&ve the phoepfeatic zone, vhich here is 4 feet thicfc, 

and its phosphate content is lower than that of the zone, being about 

the cane es thr.t of the tmderlying beds. The core ia lighter in color 

nnd Bonewhat core shattered thna that of the lover unite. One of sev 

eral possible explanations is that this upper k feet at locality &/9 is 

reworked material, deposited in a shallow depression or a sz&ll enbay* 

ment. There are no signs of comparable conditions at any other local 

ity studied.



over3yinjj the Cfrattanoocn

fonnation immediately overlying the Chattanooga fchr.lo through 

out the &re& covered "by this report is the iiaury shale, which is pres 

ent at rll localities cx-^iineU, including those in aroat c-ach ee tha 

Hohenvnld Plctfora where tho Ch&ttanooga oh^le ia oheent. Tho Maury 

consists mostly of clays tone that in corc-a Is c li^t tl-uiGl>-gray in 

color, "but which at ell coitcrcps lias n greenish tinge due to liconitic 

ctaining. This color is so distinctive that the J-iaury io generally 

referred to a» a green shale. In the western parts of Tennessee beds 

of candstone occur in the Kaury, and in the Western Highland Eio thin 

oedf of black shale and a 2one of phosphatic nodules are found locally 

at the base. The nodules in the blacfc parts of the Msary, unlike those- 

in the Chattanooga, are as nuch as 2 feet long and 1 to 2 inches thick, 

flattened into kidney shapes; nodules in the green ehale itself are 

cuch assller and are cf both flattened and spherical types. The total 

thickness of the Kaury shale ranges from 1 to 4 feet in the Zaatern 

Highland Pin, 1 to 3 feet in the northern Highland Ein, 2 to 3 feet in 

Valden Eidgc, And 2 to 6 feet in Alabama,



Maury i» ufcuglly interpreted a« «. transitional unit zr.arkir£ a 

regional change from the reducing conditions of the Late B$vonia.n **& 

to the oxidizing condition!) of the succeeding MiesiaBippian sea. ?ala~ 

ontolo£ic evidence cited by Hass (1956| P- 23) indicate! that aoiae of 

the trpperEoet b?49 of the Chattanooga shale were removed by eroEion 

oyer large areas before depoeition of the Maury, "but, except locally ac 

In the western part of the Suitrnrille area, field evidence of an uncon- 

forzdty between the Chattanooga and the Keury is scanty, and the pre 

ponderance of evidence is that with local exceptions deposition was con~ 

tinuoiis from Chattanooga time into Manry time and later.

The Maury shale is overlain, apparently conformably, by the cliff- 

forming Fort Payne chert of Micsissippinn age or its lateral equivalent, 

the Hew Providence shale, the sequence being about 200 to 250 feet tfcick, 

In the Horthem Highland Eia and the northern part of th« Eastern High 

land Bia there is considerable intarfinhering between the Fort Peyne 

and Its ehaly lateral equivalents; this is well shown, among other 

localities, at locality 16, at the Bale Hollow dam in Clay County.



After deposition of tho fort Payno chart *n<3 it* equivalents 

deposition vas cpporc/itly continuous throughout the rennlndor of Mi ft-
^..: ;.. , ^ ,* 

tdosippion tiina and veil into Pennnylvaaian time; the f prescnce of
>

ejlTonian rocice over practically the entire area underlain by the 

Chattanooga is ehcvn ty thoir capping Short Mountain, an outlier of the 

Cumberland Plateau just south of the western end of tho Sndthrille

area* Although the rocks above the Fort Payne have beon removed toy
f- i 

ero«ion from amch of the area covered by this report, their great

original thickness was an important factor in tho compaction of the 

Chattanooga shale.

Structure

Chattanooga 6hal« vraa depoeited over a tremendously long 

or nearly all of Late Devonian tino  on an essentially

 table, slowly subsiding sea, in which tectonic changes were confined
A

to minor and local uplifts and subsidences of the sea floor* The area

res&ined stable throughout Missis sippian and Pennoylvanian tines,
\ 

during which th« black cuds were covered and compacted. This long

period of relative quiescence was ended by the post  Carboniferous 

Appalachian orogeny*

1*6



Tho geosynclinal &xJs was shifting contiguously during Lato 

Devonian timo (Cor.ant aiKi Svanson, 19&1, p. 50), and it is possible 

th.it theso chifts may bo in part responsible for the thinning of 

tho Dowolltovn comber northeastward froa TcnnoBsoo into Kentucky, 

and tho thickening o/ tho Gass^vay nsuber in the 3ar& direction. 

Data in tho northern part of tho Cumberland Hlateau in Tennessee

are so scant that this hypo thesis cannot no;/ be proved, but it is
Jt 

5Upported by the thickening of the shale northward in the Warden

Ridge area, and particularly by tha comparatively thickness of
/ '

both aeabers of the Chattanooga at locality C50, the north crnaost 

Walden R<dgQ locality* If, as sessis likely, the northernniOTt Walden 

Rid ̂ 8 localities a.-e in a trcu^i vJiich is related to tho geosynclinal

to the northeast, it is loqic^il to aosuae aoica0'

noveasnts in the areas northwest of tho trough*



The croateat tectonic changes of tho .Appalachian oroceny were 

southeast of the report area. In the .Appalachian Vftlley-anoVBidge 

province the rocks have been BO folded and faulted that reconstruction 

of the original conditions is izrpossible. The came pressures from the 

southeast thnt vere responsible for the folding east of tho Cumberland

V | Front produced, vest of the Front, the almost horizontal Sequatchie
s 

j thrust" fault of many miles displacement, along the trace of vhich the

Sequatchie Talley later was cut. Valdaa Ridge, between the Sequatchie 

Valley and the Cumberland Front, was folded into a shallow eyncline; 

alons the vestern flank the Chattanooga shale dips into tha ridge at 

angles of 10° to 15° and because of its incompetent nature is nearly 

everywhere shattered to a greater or less extent. Th« few exposures 

  of the ehala in the eastern flank of the ridge are too poor to be of 

much Talue. It seente clear that the Chattanooga is contixroous beneath 

tha rid£9t but all data ussd in this report are based necessarily oz, 

outcrops and drill holes in the vestern flank. Much valuable infor&&- 

tion could be obtained from drill holes in the trough of the synclinc, 

but such holes would have to be 1,000 feet or more deep to penetrate 

the Chattanooga*



of the Saquatchie Valley tectonic change* aecoccpenying tho 

Appalachian orogeny were leac violent than those to the east. Over a 

long period of tine the Cincinnati Arch rose, the greatest uplifts 

being in the present Eashville Basin in Tennessee and the Lexinston 

Basin in KentiielrF. Tke covenant van so gentle that the incompetent 

Chattanooga shale was little disturbed, although sone minor movements 

have been noted. Aa a result of the doming and subsequent erosion of

the Nashville dome the originally level Chattanooga now dips away froaa
dU~- - 

the center of th* basin in all directions. The rates bf dip vary from

place to place, but in the Western Highland Eia the average is about
r~G- 1  -*.'' »-* > ' S-" C' '/»' A".1 « CA~ ~^^ k^-*/r~'- Z*f^.-"*»V- " ',J

30 feet to the mile, cTfaas. tae ehale is under as uiich as "2,000 feat of 

cover in the Cumberland Plateau veat of the Sequatchie Valley.

Mention should be made of tvo unusual features in the juistern 

Highland Bin, though they have no economic significance. These struc 

tures are the Howell disturbance in northern Lincoln County, and the 

Tlynn Creak disturbance in Jackson County, about 5 miles south of Gains- 

ton) Ue* fig. 2). Several theories as to the origin of the disturb 

ances have been proposed, the earliest being that they are the result 

of oryptovolcanic explosions. Other hypo these* are that they are 

craters formed by seteorites, or that they overlie salt-dome types of 

intrusions. Both disturbances art.pre-Chattanooga in age, and have

bsen discussed by Vashburne (1937), Bucher (1936), Boon and Albritton
i 

(1938), Wilson and Born (1936), Luck (1927) t Conrad, Slaore, and Kaher

^ 1957) t And Conant and Svanson (1961).



fe.t«re coTOM, to th. Hov,U  ,,  ,  

ance. ». tt. Uoll8 Crec!c ttrtwtelca

veot of the area of tbl . report .

( 1936, p. K66-1C70).



Corporation of tho thnlc

Chemical composition 

Complete cheaical analyses by the so-called "rapid-rock" method

have been made of twirples of the Chattanooga shale from 7 localities
I

in Tennessee and 1 locality in Alabana, and of the IJev Albany shale,/'

which is correlative vith tho Chattanooga, in Kentucky. These analy 

ses are given in table 1, which includes also analyses for sulfur

Table 1. Chemical analyses of saaples of Chattanooga shale.

(included in loss on ignition in the chemical analyses) and uraniua. 

Localities from vhich the samples were taken are shown on figures 1, 2,''
y»

and 3. They include 1 drill hole (C64) in Blount County, Alabama; 3 

drill holes (C*S, C^9t and C50) in Valden Eidge, Tennessee; 2 drill 

holes (C37 and C42) in the Eastern Highland Bia, Tennessee; 1 drill 

hole (Q56) and 1 outcrop (16) in the Northern Highland Him, Tennessee; 

and 1 outcrop (323 ) in Marion County, Kentucky. Locality 323, vhich
^i+ -7 -t i-f \ *^

at stated above is is the Hew Albany rather than the Chattanooga shal«,
/(

vac selected because it is the northernmost locality for vhich good 

samples vere available; as the formations are correlatives, the-forma- 

-tion nan» is not referred to again, except incidentally, in the text. 

Of the samples of the Chattanooga, those of the Gassavay member at all 

localities ware analysed, as were samples of the Tipper unit of th* 

Jhvtlltovn member from localities C37 and C^9 and of the lover unit

of the Do well town f roa locality C^9. Samples of the undivided Do well- 

town B saber fro» locality C56 and of the questionable Do well town beds

So
V



at locality C&4 wore &lco euoalyseit. In tho Aiocnacion tfe«-sh33e at 

locality 323 i» conBiderod to be the CatBavaj jaealaer.
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Table 1. -- -Chertii cal   ana ly ses of samples .of,the Chattanooga Shale

iSini^lyises'' for sulfur >a,ncj, >inpanityj&; -.Analyses 
\>y P.L. Elmore, S.D. &rtts, -ard M.O. HacVr, 1957.

Table ic r.plif. into A pages--pnrtr. A

Gz Gassaway member undivided GID, Gassaxjay member, middle unit 
Gu? Gassaway member, upper unit, Gl, Gassaway member, lower unit

uncertain correlation Du, Dowelltown member, upper unit 
Gu Gassaway member, upper unit Dl, Dowelltown member, lower unit 
Gup Gassaway member, upper unit, Dz, Dowelltown member undivided

phosphatic zone

lab. . 'Jlfciefc- Unit :. -

)/
CaD

CO-IS 1S&217 5-75 Gs 55*1 12.2 &.5 l.M 1.2
- r33 . 1^0223 5.76 0« -$7.*> 2^.4 6.0 --a.6 1.5

~&f 020219 ^ W- G5 27.2 21.5 6.2 U; 2.0

J^JJ&J2? 8Vgyg£»jf.. ^^95^. ^Q ...JS.6.6_ ..^0 , j6*9_ lr5L^Ji:

, C»3f3 22»6 *'- '> ^«8 Eoi
 c \ . t**lrt **»- *i f   ?  r-* /* *B v* ^  *1^ I?y.T ^«.^ 5»& l»o 1.1.

and ave^a^e)   7.10 T) 61.9 23»2 h*?> 1.0

5*00 c-a ^3»6 9.3 . 2&.Q a.t^ 0.81
5*00 Gs 46.5 2O.8 10*6 1.4 1.3.
5*0? Cfes 53-6 12.3 Y.6 -l.fi .66

a Jr7«& 2.0.B
fr.co ©3? 9^.9 2^.2 ^.o 1.6 oJW

^a 11?;5J3 J.»»UO C?i\ ^5.0 2X.i 20.b 1.1 .£j.
 ^3 XL-.01-3 1.T2 Ck'i .f>6.0 13.0 7*5 2U2 ,4^

fi.85- <^ i32«^ 2^.9 6*7 3^^ *^9

   ^r» />* » /^» 1,/x .7 «».»»», O O «| - *
JiL-SL __G »r9.7 ^-V^ y*o lO

f l^/ Total iron as
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c
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B
SIJ3

D
siV

Table 1. Part B.

INDEX TO PARTS OF
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^2& Gu f:f.*2 9*7 15.0 G*£ 1*2
.33 1*5.71 £»21 <*v U9*u 3LL.2 9.2 1.2 *#
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Th. -rapid rock- method of ar^u tes baen d60orl ,oed fcy 

Brnnnock (l ?56). uho ch.ck.d the rcault, obtained by thi. «tboa 

standard chcnical anolyees aade by th8 Oaoloelcal Survey nnd 

th, U. S. Bur«u of Standard.. Tor «,,t con.tltu.nt. the accura^ of 

the -rapid ««*  nr.nly. e8 is veil within J, 5 perocnt| and tlmg auf_ 

ficiently accurate for the purpose* Of thia report. Zxception, are 

t20 and Ca, vhich are cccurMe vithin about lo percent, and f^. vMc 

varies somewhat isore widely.

The content of trace eleaente In the shale va. d.terained by ,e 

quantitatiTe 8pectroSraDhic nethodc. Teternination. vere ^de on all 

th. .a^le, listed in table 1, and in addition on samples of tha 

vay Be»ber fro* 6 drill holea (C16. C26, 036. m. C46. and C51) la the 

Highland Hi* and 1 outcrop (22) in the Horthern Highland RiB. 

of the Ibvelltovn nenber fron Iocalitie3 22f fi> ^ 

analysed also. These localities ara shown in figure Ji.



Major constituents 

The major conctitucnta of tho Chatttnooga. ehale are SiO«, A1
£

Te (total Fa SB j?rt;-,G-j), KjO, KgO, CaO, and carbonaceous natter as

resented "by loss on ignition (LCl). These constituent* conbined coo-
'J! 

price about 9B r.crccnt of both members and.units of the Chatte.noo£s..

Weighted averages for tho constituents at each locality froa vhich 

samples were analyzed, and unweighted averages for the Valden Hidgo and 

Eastern Eighlend Hin areas, are given in table 2. Data froa othor are/*

Table 2. Major constituents of the Chattanooga shale by members, unite, 

and areas* Itata euznmarized fron table 1.

are too scattered for averages to have any cleaning,

Silica (Si02 )

Silica corrprises about half of the Oasaav&y member and of the 

lover unit of the Dovellto\m nenber, and a soiasvh&t higher parcsntagd 

of the upper unit of the Uowalltovn. The silica content is highest at 

the ALabasa locality, naxt highest at the northernmost localities, 

outcrop localities 16 in Clay County, JMabana, and 323 in Marion 

County, Kentucky; at these last localities the composition of tha shale 

could hare been affected by weathering processes. The lowest silica 

contents are in Valden Eidge and at locality C56 in the northern High 

land Bin.



Table 2.--!!/.'jor const.ituent.rt of OiatfccnoctT-i. ebr'JLi by me::/berj, ur.At,« t 

and areas. Inta surrnri^d fr<;n Tabl* 1.

PCTO
Merger Locality ! Area SiC^i Al^GojI'^G^ ^2° ^^ ^-3

Qnssavay

a

Undivided 
Dowelltovnl

C<U AL i 56.6 12.0

<*9

C50

AT3P?ff«

037

a'j-2

Aver? 

16

C56

Av-eragft

323

^^|^

Undivided j
Bovelltovn C56

lover unit
Dovslltown C37

tapper "unit 
Bovelltown C37

VB

VH

;m

2HH

47 4

*9.7

50. '(

*9.2

50.1

10.8

12.9

1°-.0

11.9

11.9

51 ? 100J-ifJ1 J.*-..^

2ER 1 50.7

.JCIH.' 54.0

12,1

12.1

6.9 i 3.5 1.5

1?.7 3.3

8.8

9.2

9.5

8.7

a.o

7.7

'rcra ^7.4| n.i n.6

1THH

KT

AL

50.7

54.5

61.9

11.6

12.3

13.2

E2R 55.9 14.0
i

EHR ! 52.6 15.3

2E2 56.9 16.7

C49 VR ' 59.0^ 17.2

4.0

! *

3.6

3.7

^.8

3.5

I. 1 ?

9.1 3.5
i

6.7 3.6

4.8 3-9
;

4.0 4.3

1.1

1.3

1.2

1.2

1.1

1,2

1.2

.5

101 S -- :-.

1 A T -T O PC? f\   O J.5.V TC'.v'

.9

.9

.8

.9

.8

1.0

l.l! .^

,8

.9

1.8

2 f 8
i

6.1 5.412.0

23.4

19-7

20,3

21.1

21.1

20.8

21.0

19.3

23,3

97.6

97.3

0-7 <

97,^

97.8

5^.1

P&. o

97.5

98.8

.4 ^2.0) 93.1

.2

1.5

2.7

1,0

5.0 ; 4.7 2.5 2.0

5.5 4.8l.9 ] 1.0

20.4! 08. £

10.2' 97. £

13.3

16.2

10.2

97.0

98.6

93.0

97.7

J
AL, Alabama; VB, Walden Hidge, Tenant se«; ZHR, -2a*t«rn Highland 

Bimt Tannes>««*, SHE, Korthern Highland Rim, Tenneaic^j XT, 

Kentucky*

5*



Where the Caseavey member io not divisible into unitB th« cilica 

content is hi^hoct at the "bane of the moaber and decrrnaes sli£htly 

tovard the top. Where the units can ba distinguished, the content is 

highest in the middlo unit, lowest in the upper unit. At locality C^Q 

in Walden Idc^e tho anor^ilous uppor 4 feet contains the abnormally hi^-i 

silica content for the area of 5^-9 percent, but the ncaber below that

 unit contains only ^5«9 percent silica.

The silica in the Chattanooga is in the form of finely divided 

quarts and in the clay minerals and micas. In Alabana quartz accounts 

for about half the silica content, but the quart2 content decreases 

northward, vith a corresponding increase in the content of clay niner- 

ale.

Aluaina (?e20^)

Ike aluaina content of the GaaE&vay member of the Chattanooga

 hale is fairly consistent at all localities, the range being 10.8 to 

12.3 percent except at locality 0^9, where the anomalous xtpper 4 feet 

contains 14.2 percent alunina, bringing the are rag* for the locality 

up to 12.9 percent.



Except in Vkiden Ritige, wfoera the distribution is diotinctly bot 

tom-preferential, th& distribution of alunina is fairly unifora verti 

cally throughout the GAas&.vay ne^ber, and there is little variation be 

tween the alunina contents of tho unite. Both units of the Uowelltown 

member contain rooro alumina than the GasBavay; the lower unit ct locai- 

ity C3? contains 15.3 percent aluziina, and the content of tho upper 

unit ran^ea frcia 12.3 percent at tho ALabana locality to 17.3 percent 

at locality C^9 in Walden Hid,3e.

The alumina in the Chattanooga ie mostly in the feldspars and 

clay Rinerals. Tho silica-alunina ratio ranges froa 3.4 to 4.7, the 

ratio being for both nenbers at locality C64 in Alabama, the 

for the Dovelltown menber at localities 037 an^C^9. For all 

other localities the rang* for both nesbers is froa 3.9 to 4.5.

Potash (K20)

Hie potash in the Chattanooga shale, which occurs in the f eld- 

tpars end micas and is distributed rather uniformly regionally, the 

range for the Gassaway n«nber (excluding the upper 4 feet of locality 

tf*9 which contains 4.5 percent K20), being from 3.3 to 3.8 percent. At 

all localities except C64 the potash content is highest at tha bottom 

of the member, and there is little difference between the units.



The potnah content of ths Douclltovn n'inber io higher than that o£ 

the Caeervny; the lover unit nt locality C37 contr-inc 5*^ percent F-O f 

and the r?r.c» ?or other Dovelltovn eaaplea io fron 3-9 to *K$ percent. 

Thus the d service In potash content fron fcotton to top applies not only 

to tha CessEwsy number, but to tha Chattanooga sh?JLe as a %/holo.

Iron (totiil iron as Pa20^)

The iron cent ant of tha Gaasavay raenber of th« Chattonocc^ shalf: 

ranges considerably both regionally and vertically, i/hero the tsnits ci 

the meriber can be difltinculshcd tha iron content ie highest (10*1 to 

1^.0 p«roant) in the upper unit, the content of tha other unite ranges 

froa 6.3 to 10.6 parcont. He^ionally, the lowest content (6.9 percent; 

ie for tha undivided Ecober at locality C&f in jU.abfina, the highest 

(11.6 perca-nt) at locality 056 in the ITorthom Hi/^hland Sin. Ihe lov 

iron content of tha shale froa localities 16 and 323 (?.? and 6.7 per- 

cent respectively) probably represents in part losa through weathering.

The shale of the lover unit of the Dovelltova aeaber at locality 

037 contains 6.1 percent iron; the content of the uppar unit or the un 

divided nenber ranges fron 3-6 to 5»5 percent. Tha iron content of tha

 hale shavs a good positive correlation with the total organic Batter, 

r«fleotin£ the reducing conditions in the Chattanooga ten which further 

ed tha concentration of the el en eat, coetly in pyrita or carcasite. At 

all localities 90 percent or nore of tha iron in the shale it in those

 ineralf; Bat»s (1956) and Strahl (1958) report *frae iron" or "iron 

oxides* us about 1 percent of tha total shale.
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Tho vid© differcncoo in iron (&a veil r.o culfur) content from ono

to enothor lire explained by the feet tht,t pyrite, unlike 

constituents of th* »V<alo, tcndc to be concentrated in distinct 

SatoB. For this reason analyses of different quarters fron tho 3330 

core can shatr naticeabio differences in iron and sulfur contents.

The raagnssia content of the Gassavay p.easber of the Chnttcnoocn

shale ayeragcs about 1 percent, being highest (1.5 percent) at
N! .:A 

C6h in Alabama and lowest (0.91 percent, [or locality 323, the Kentucky
A ' v

outcrop. The vertical distribution is fairly unifora except in tfalden 

Bidge. There it is distinctly bottoo-preferential except for a rela 

tively high content in the anocalpus upper ^ feet of locality C4£.

The cagneaia content of the Do veil town member, on the basis of 

relatively few analyses, appears to increase froa south to north, fron 

1.8 percent at locality C#* to 2.8 percent at locality 056 in the 

Jforthern Highland Bin. Seai quantitative speotrogr&phic analyses of

 ftDples from localities other than those for which chonical analyses 

vere made fall within the X* and .£ ranges , confinaing ia & general vay 

the pattern described above.

Most of the magnesium in the shale is in the cicas and clay &in-

 ral«, on the basis of available evidence.



Lima (C:\0)

The liiio content of the daggawcuy member v.-^ries vidcly both r< Tien- 

ally and vertically vithin the nenber, the hi^^host contents bein^ in 

the phocphatic rone. For the member as a whole, tho line content is 

highest in Alabama, and loveat at localities 323, 16, £^ad 056. Local 

ities 323 &c<i 16 r-ro outcrops fr^n vhich lino poseibly has been removed 

by IcAching, and cono line rnr^r have been lost froa drill hole C56* 

vhlch entered the Chatt-nuoo^a at a depth of only 14 feet end the core 

of vhich sbovs vetthering £t the top of tha Gasoswiy. Mont of the 

relatively high line content of the phosphatic zone is in tho apatite 

nodules, vhich are resistant to weathering; this is eresplif ied by the 

situation at locality 16, an outcrop in vhich the phocphatic zone, 3 

feet thick, contains 2.2 percent CaO t tha remainder of the section only 

0.25 percent, lover than tha content at aost othar localities. The 

phosphatic «one at locality C49 contains 3.2 percent C^O.

Sha relativaly high lime contents of seaples from localities C37 t 

C42, and C50 9 where the phosph&tie zone is absent or very thin (about 1 

foot at locality C50), does not have a ready explanation.

Tha lio« content of the Dovolltovn me&ber is sonevhat higher than 

that of tha Oassavay neaberv being highast (2*7 percent) in the un 

divided neaber at locality 056, and lowest (1.0 percent) ia the lower 

unit at locality C37.
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Carbonaceous natoritvl

The loss on i^iticn included in chemical a^lycea represents r.ost- 

ly c*rbonacoou» natericl. culfiir and water and thua givaa a rou^h 

^tmremcnt of the mount of carbonaceous material in the roclc. A aoro 

procUe neneuriKaent of that constituent, hovcver. is or^ic isolate* 

j* routed froa the wpies. Th.,3e or^ic isolates are defined as the 

orpuUc natter, plua nineral aatter insoluble ia hydrochloric and 

fluoric ccid.

^.oss on iqnltion.^'£he average percentage of ignition lose for 

tuples of the Cassavay nenber ren2e3 froia 15.9 percent at locality 

to 23.8 percent at locality C56 in the Northern Highland Kia. where 

-,he three units of the Gassavay can be distinguished the ignition loss 

i* hi^cat in the upper unit, lovest in the niddle unit. Sonevhat 

turprieingly, the highest ignition loss in all of the sasplea analyzed 

it in the upper 5 feet of ehale from locality 323 in Kentucky, vfaere 

the percentage is 25 .7 percent. Jor the lover 25 feet of shale fro* 

'.hat locality the ignition loas ia 19.3 percent, still a higher per. 

VnUg* than would have been expected.

*>r the Dovelltown meabor the ignition loss ranges fro* 3.3 to 

H.3 percent, the latter figure being from locality 056, where the 

H.s««y xneaber also has the highest percentage of all the sample*



Organic Isolate.* Aialycen of tho Qiattnnooczi chale for orsanic 

isolate are /;i\vn in tJiblo 3, vhich includcR for coirparioon the percent, 

of lose en ignition for those camples on vhich that determination \rn*y* . -  
 ^ ;»* \ made. 'Ifco percent of organic isolate ia generally higher thtn thfi ig-i I'"i  * '

,/> ^ ' nition loss in tho black parto of thp,qhajo, but loyor in tho gray 

/J part a, particularly tho upper unit of ths Gaseausy uenber. Although

other factors probably enter inco tho difference, nuch of it apparently' 

ie duo to tha larger proportion of clay minaralc in the. eroy units. 

These minar^ls contain considerable water vhich i& included in the loss 

on ionition but not in thd organic isolate*

As the uraniisi content and oil yield are related directly to the 

carbonaceous naterial in tho shale, the organic isolates ere diocusoed 

siore fully in tha sections on thono eubjecta. At this point, hovover» 

the carbon content of the shale ic of interest.  '*
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Table 3»' CoTTparinon at lois on i^ltion v;ith orrnnic 

of Ciiattcnoor;a ohale saTspleo - Continued

C50-12

-13 

-21

-31

-32

Ar^iv^e

C42-2

-3 

-*
;

Avarftrc

G^JL 

Gu

GD

Gl

01

G

Gu

Ga 

Gl

0

2^2 

21.6 

15.0

17.5

19.2

20.J

25.3

13.6

19.2

2n.S

28.7

24.?

16.8

20.0

21.3

23.2

28.6

15-9 

2Q.4.

2?. 3

056^1

-5 

-6 '

Av*r?»-re

323-A

-3

-0

Averase

"Dz 

D?

TV.
* * **

D3

Gz

G2

Gz

Gz

1^.3 

11.6

14.2

13.3

25.7

16.8

10.8

20. 4

10.0 

9.5 

11.6

10.2

21.6

16.7

15.3

16.9

J
G2 V Undivided Gassaveyi (fea, upper iniii, Gaaeavay; Gup, Pbocph&tic 

cone of upper unit, uasssvey; Cu? v anomalous uait, uppsi 

vay; Ozn, middle unit, G&ssftvagrs Gl, lover tmi^ Gaasaway; Ds, 

tin divided Dovelltovn; Da, upper unit, Do veil town; jDl, lover 

Davelltovn*

Organic isolate determinations by S. M. Berthold, U. S. Geologiccd 

Survey



Dcul l^>7) r.ado on wbmiKtiv*. fiTuJyriio of fc. s^rplo 1.35 foot 

thick fron tho upper unit of tho Gas^av&y ncrabor nt locality 99 in tho 

Zsetorn Hichlond Itim, findi:?£ & total carbon contmt of 13.6 percent. 

Lator, as pert of ft study of the oil yield of the ehald (Brewer nnd 

Brovn, 19^2)» tho carbon content of & nunber of eanples was calculated 

from tho percentage of carton in the organic isolates; these figures 

are Given in table 4. ^n«Iyoc3 of corca of tho Gaasavoy member for 

total carbon, made by tho Pennsylvania State University and roportad %y 

Bates (1956) and Strahl (195#)» are in line with the carbon contest cf 

the Gassaway nenzber as given in the table. As would be expected, the- 

carbon content of the Bowelltovm nenber, particularly the tipper unit^ 

is lover than that of the Gassavay inenber.

Sulfur

Determinations for total sulfur, vhich is included in the loss or 

ignition in the chenical analyses, vere cade of all samples of vhich 

complete chemical analyses vere cade; these acditicnal determinations 

ere ehovn in table 1. In addition sulfur waa deteroined on saoplos fros 

drill holes C46 and C$1 in the ^aatern Highland £ia and outcrops 22 and 

25 in the eastern part of the Northern Highland Bin; these analyses are 

given in table 5.



Triblo 4.« Total cr.rbon content of r/;rploi of Ch'-ttisnoo&a.

Locality nnd   Or,-.^nic ; Cr.rcon in 
ccsffplc'no. IrJ.fc-' Thidoiftas i ro la to isolate 

(f^t) (^c-rc-r.t). (r-'jrc'mt)

C64-A 02 11.95 ' 17.0
i 

-D : &B? : 7.'fO PJf

Ci^-A ' Gr ' 1<.0? '' ?3.^

C^9-3i-/ Gu

-?3 01

5.40   26.0

2.05

Jfl ! ra 1 6.^6

C42-2

-3

-^

Cu

Gta

01

20.0

6.9

6.50 28.6

1.66 

9.C9

15.9

20. t

^7.2

^7.7

^ 1.2

46.8

52.2

?9.8

^.3

48.0

5^.4
i >- i
t ;

/yem^e 0 i

C37-2

-3

-J*

Gu

Gn

01
} 

Avera/ja 0

16-A

-B

-C

Arera^e

C56-A

-B

0«

G3

Oz

G.

Da

6.80

3.01

7.62

8.00

3.50

29.3

13.0

C ti'Lon in
pii^ic

  (T>orc'T.t)

8.0
t 

4.0

9.6

12.2

10.4

2.7

13.2

7.6

11.3

11.6

^5-7 I 13-4

36.8

23.8 A9.4

18.1

18.6

61.8

52.7

5.15 2i>.0 lfl.7  1
. f

9*67 

M.15

26.1 

10.2

»

40.5 ;
60.9

4.£

ll.g>

11.2

11.2

9.8

10.0

10.5

10.6 

6-2



Table *. wrtor. ooatwt of c,_~,lc3 o, 
oanlc-   Continuod

Unit 87Cbol S , Gu. upper «tt) CaB«vv neabar. ^
mlt>

Gl, lover 

undivided; G, total

 5 10,   lower 

town camber undivided*

f
Only part of section analysed.

6,. 

Benbep. ^ up?er

66



5»**-'"i/i3y2/so for culfur, in addition to thcco ehovm ).n l^'/iij

Sarplc no.

I 
C46-2

-3

-3

Lab. no. j Thiclsioss Cult-/
! (?/-:£) : !

115QJ;9

115050

1

5.18

2.27

115551 H.05

Tot£l nnrt H?*?*."*)

&6-$
1

115052
-f> \ 11505*3

25-11
-12

-13

-14
-15

-21

2201

2202

2203

2204

2205

; 22C6

16.40

9.63

6.16

2.09

2.09

2.C9

2.09

2.09

2.17

Total w&d srsrtLsa I 12.62

C51-12

-13

-21

-*n

117624

117625

117626

117627

I 
5.06

5*07

2.74

^.02
i 

J^tftl and avera»«!9 - 16.69

On

On

Gi

0

£u

n
i

Gzp

Gz

02

&2

Gs

G3

3
(n."?*<7r-f: )

6.1

7.5 .

S.I
.i 

8.0 !*
-^

4.9

6,7

7.8

9.0
1

9.9 :
1

12.1

13.1

10.1
1 *

G i 1O.?
i 

Cu

On

Ga

Gl

G

12.2

12.1

9.3

11.2
t 

11.3

67





Hoct of the sulfur in Vno final* IB cow-bined with Iron to Tons 

pyrite cr w».rcasite. Vcv analyses of the t?poo of sulfur in tha Bb 

have been nada. A bulk sample of tho upper unit of the Gasnav/fy 

her at tha cidit (locality 7?) contains 0.8? percent organic oulfxir, 

0.23 psrcwrt sulfur as sulfata, and 6.1 percent sulfur as sulfion 

(Laul, 1956).

Minor constituent!* 

Soda (:"a^0)

The averc^s sod* content cf the Caasaway acnber nin^es froa 0.2? 

to 0.65 percent for localities fron which samples vsra analyzed, beir 

lovest in ^labnaa, the northern Highland Hin, and Kentucky, and high 

est in Kalfien Eid^a. Vertically the soda content dacrer.ses frca tho 

bottoa to the top of tho zienber. The codz; content of the rovollicwa 

is approximately the sane or alightly sor* than that of the Gaasevay.

The potasi>-8oda ratio, a useful clua to cineraloeic connosUion, 

i« hiehest in tha Gass&vay neaber at locality C6^>, where it is lp.0. 

In Valden Hidse ths range is 5.5 to 7.5, aad ia the Haatern and North 

ern Highland Rics, 7.0 to 8.5. ?or the lover imit of the Dowelltova 

nearer at locality C37 the ratio in 10.2; and for the undivided 

Ibvelltown Eesber, 5.6 at locality C6^ end 8.9 at locality  56. ^5, 

except for the Gassav-y meabe? at locality C&¥. the poieah-aoda »tio 

in the shale increases fron south to north.



Carbon tioxido (COo) ^  
i.to bo

9hale Bh0v9 a poeuiv, conation vith the liae cont,nt . Jt

the 

tit., ie disse^nated thro^ut loth Erabera

th, phoephatic «aa. Ja vhich «. concent^io, is 

1.0 pa«ant. Ia addition to th, Iocalltie8 fap

??05 va, aiso d8tainlne(! f

22. 25 .

91 ia 

data on UMM localitie. are given la fW. 6.

tion to tho rule of correlatlon ww lm p.nd   

of outcrop !o«aitr 16 . vhich

0.06 .ercent CO,. ^s £ptfir<mtly rft3reBffijt8 

of calcite froa an old outcrop.

Phosphate (?->0

to 0. 37 o ta
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n for 'J~ r)r In

J

in tablo 1   Oontinuod.

91-12-' ;

-13

-14

C*£-2

-3

-4

-5

82

Bl

1150*9

115050

115051

115052

-6 ; 115053

Gu j 2.00

Ou 1 2.00 
1 

6u ! 1.70

On

to

Gl

Da

5. IB

2.2?'

6.95

9.63

m j 6.63

0.6

.2

.2

.3

 4

.2

.6

.3

J

Uait eycbols: Gz,  utidivided Gaseavay n<nal>erj Cro, phosphatic sono, 

imit, G<wsaim7 nscbor; Gu, uppor -unit, Gass&way neabcrj C-Bi, 

uait, Gcjsscway nsmbsr; Gl, lover ^unit t C-assaTi.'s^ eerier; 3Xi 

upper unit t Bowelltovn ncnbcr; 331, lowor tmit t Bowelltoyn nember. 

Analyses "by H. >k>or« and W. ?. Tucker, U. S. Geolo^jical 

1957.



e-

Of th* localities for vhich anal y sec ^cre rc*do, t>o 7,h 

tone io present nnd vas peopled separately at localities 16, 22 f 25 

C29, rod C^9. It is present. but IB thin and vns not cabled ecnsmt 

ly, et localities 91, C37, and C50. Most of the phosphate in tha phos- 

phatic zor»e i5 in i/?e nodules, v£ich tiro corcposed of hydrozylcnatite 

(Jfary J-Irose, personal coinnunication, 1957). end the ?2Q5 ccntont of 

eaoples fron tho Bone vnries considerubly cccordins to the number cf 

noeules that happen to Da in the eaaple. Ibduloo collected free local 

ity 95 A by the author contain 33.2 ^nd 32.5 percent P2Cr respectively, 

and other eacrples f rcn the sane general area are reported to contain

fron 20.8 to 32.5 percent P20^. As an inoication of the extent to
/ 

vhish TJhosphate ia concentrated in tha nodulea, a eaaple of the shale

in the phosphatic zone ct locality 95A fron vhich the nodules h&d been 

rewred contains only 0.8 percent PoO^. (Analyses by J. Budinsfcy and 

V. P. Tuck«r» 1957t lab. nos. 151693-151700.)

5Pitani\sa oxide (Ti02 )

The titaniTua oxid« contentvOf th« Chattanooga Bhale rangef in in 

dividual «anple» froa 0.6) to 0.98 percent. The concentration is «oae- 

vhat aighar in the gray units thaa in the black units of the ahala tut 

tb« difference! ara not groat. Regionally, tha concentration is high- 

eft at locality C64 in ^abam, l«vest at locality  56 in th« rorthern 

Bifihlaad Ein end locrdity 323 in Kaatuckyi this distribution could re 

flect the greater distance froa the shore line in the northern locali- 

tie*.
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Most of tho 710,. in the Chnttunoor^ ohrJlo protably in in the tore?
9+

of rutilo or il-icrJLto t vhich io dlssecdnatcd through tha shtile in 

oinate grains. Seriicrurjitit«.tivo epectroGrsphio cauilyces of tcnplca 

fron localities other than those for vhich cheaical analyses vare r^do 

show tit.iniu3 eontfiUts vdfckin the .l-»5 or .X rESg;eo t vhich iB in line 

vith tho chenical wnalysos for TiO*>.
4^»

Hancanec^ oxide (MaO)

Tha K3ii£2nG3e o^dldc content of tha Gossavay nenber of thfs Chatie- 

no oga s halo nmges froa 0.01 percent et locality 323 to 0.06 percent 

at locality C64. In Waldcn Bid^a the concentration is 0.03 to 0.0- 

percent   in the Korthorn ead Zastera Eighl&nd Pina about 0*02 percent, 

The lov«r imit of the Ibvalltovn neater at locality C37 contains O.CW 

percent HnOj tha range for the tipper unit of tha Dovelltovn io from 

0.03 to 0.05 percent. Seniquantitative spectrocraphic cnal^racs for 

froa localities other than those for vhich chenical

vere cade hare proved sooevhat difficult to interpret because soae cf 

tho results indicate lover nanganeae contents than tho MaO anal 73 es 

ehov. Be-exsaination of the plat as » hovcrar, shoved that in tha ques 

tionable esztples the m^-ncaTiese content vaa near the top of the 

and differences therefore vere minlcal.



The nvom^o MiO content of 3^ Paleozoic nhAles is c^vcn by Col'- 

 chnidt (195^1 p. 639) G« 0.08 percent. Llttlo io knovn of tho crji,';n~ 

nese content of black shales euch e» the Cbattanoo^, "but, as Gold- 

sohnidt points out, in cuch oodinento the proportion cf ccn£zme3« to 

iron is likely to o<? coasideralily Ices than the tverz^e for tho litho- 

cphere "bec^iiao th« prof ercntial lonchinc of E&n{?»nesd under reducing 

conditions apparently prevails over its concentration. This is tnia o-£ 

tho Chattanooga shale, in which the &j/j?e ratio in analyzed sanplcc 

ranges from about O.C03 to O.CC8, far hclov Goldschnidt's fif^ira of 

0.13 ^or Paleozoic shalca*
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?raco elcr.cnto

The trace olcasnts content of the ChrittAnooca shale vaa detcr- 

nined by onr-iquantitative spectrogrcphio aethods on canples fron 16 

localities, which t~re thorn in figure £. The contents are shovn by 

MstotTrrJ3S in figure 16. Aa tho dr.ta used vere obtained over a con 

siderable period of tiflbe, they aro reported to different censitivitiex. 

Analyses of s^raylos fron localities C16, C26, 036, C37, C^4, and C^;9 

vere reported in tho .X., .X, OX, etc. rcnges. !Those of esnples fron 

C^2, C46, C^8, C50, C51, end C6^ were reported in 5-10 percent, 1-5 

percent, 0.5-1.0 percent, etc., rentes; and the la^t sanples on v&ich 

determinations vere nade were reported in figures - 0.1, 0.3, 1, 3, 

etc. /ll of tha sanples reported in this Banner vere fron localities 

16, 22, C56, end 323; all of those localities ore in the Sorthera 

lend Itin end in Kentucky. Por purposes of comparison vith other 

ranges, the figures represent the following ranges;

1   0.56 to 1.7 percent

\ '' $   1.7 to 5»6 percent 
I

etc*

Samples of the Gassewcy cctnber fron all localities listed above 

vere analyzed. Sonnies of the Lowelltown nenbar froa 6 localities 

vere Rico analysed; these are localities C64, C^9, C16, C37,

^i
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Exclusive of Bangnneno cmd titanium, vhich cro cllnciiacsd voider tfoe- 

chemicc.1 coiT,:osition ef the stale, tho following 21 olccento were de 

tected by this cpcctro/p-t-^hic rj^Jyocci

Ac B Pa &e Co Cr Cu 

Ga Du Ho L~b !T1 Pb Gc 

Sn Sr V 7 7b Zn Zr

All of these oleaentn e^co^t As. L^t J7b» -n, fuid 2n vcro detected 

in all or practically all sssples cnalysod. Of ths elements d«tftcte<j[ 

at ftll localities eight   S, Be, Cu, Oat Pb t Zr t T, and Yb- Lro district 

\it3d fairly orenly throo^h all urdts .*ir.d neabars of the sh-ilc at each 

locality. Threo olencntd  Cd, f%>, and iJi  have heavier concentrations 

in tha black beds of tha shsle thsa in the grny bods. Three 

BG, Sc t end Sr  shov vertical patterns of distribution at c&ch 

but vithout re{^rd to the unite; end the distribution of tvo eleaante   

Cr and V  is best described as irrsgulsr.

Distribution of the 16 eleaents listed 'above is showi by histo- 

in figure 16, in vhich the ranges ere given in parts per million.

Ti£or« 16. Kisto^rwas «howin£ distribution of some trece elenents in 

the Chattanooga shale.

On the basis of tha ranges, the actual concentration of certain «le- 

E4JT.tt has been estimated, but becauaa of tha fleni quantitative nature of 

tha data such estimates should be considered as only rough approxima 

tions, introduced for cooparin^ concentrations in tha Chattanooga with

those in other rocka.
77



Figure 16. Histograms showing distribution of some trace elements 

in the Chattanooga shale. Ranges are given in parts per million, 

9 pages of histograms follow. The explanation of the symbols is 

on pages 77H-77J.
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In tho -<foiLi6wi*£g di-^tassiBn f^ures for tho ctustai. a*bwi<iai:'j. ; of 

the etUKCEis in ifcc It-titter* zaro &** qold&ctailA (US*); ^o$e for
j y : - - .. ,'' . . i , /

coccentz-etiflRs i* bieck stales, -frow l^iu^hopf'(1955;; *a* tfcoce fc- tfte, 

conca.itr^ti.->n in Hi*. SUro» Sp-rio^o ZEff:r.>»r of the pierre shale (a air- 

l>onsca>u$ si&H^ of Cfot^^-fcus a^e Wlch kss fceen studied in detsdl by 

tlio Ceologi^aO. Svu-vcy) 02*0 fron 7t>urtnlot (19^6).

nauouto uictrituUd fairly evenly tLa-ouc^iout the sl^le 

Soron. Thd boron comjcnt cf l-oth uenlers of the Ch/itt«iooen sfv«ie 

in ALa)M^n, VTiildcn Ui2co f tad tha l^fitom U^iacnd Tdc, probauly ii» a* 

"bout 2CO to 3C-0 p-pn; exceptions arc tho lotcr eunplea fron localitise 

C50 end C6^, which contain n:ora tbcn 500 pp^. In tho Kor^h«rn Hi^r 

land Kin tid Ilintucl^r. hovevsrt the content drops to fibont 100 pp» ex 

cept at locality C56 f vhsre it drops still lower to alout 30 pfw. tht 

lov corcontratiozi at locality C^6 f tho only locality vest of ti*a lat, 

Devonian arch thit c^tcndad northe^t frcn the Eohsnwald Plfttforn, i' 

of interest in connection vith the theory of Lcadarsren (19'*5) that the 

"boron content of noa*5 sedinsato ie directly proportional to the £alir>- 

Ity of tha vater in vhich the seiiaenta vera deposited. If tha arch 

had the effect of partially "barri^ the Tennessee esfcayinmt froa the 

aain Chattanooga sea to the north, tha salinity of theater in the 

Uajaent would have bean



The cruntnl /ibundnjico cf boron io only about 10 ppn, and the cnti- 

iar>t« for blad: e>hal<?B Is 310 ppn; the Sh/iron Spring nesbor of the 

Pierre chala contains 30 to 150 ppn boron, about half the concentration 

in the Chnttnaoo^a. As coae of the carbonaceous oatori&l in the Chatta 

nooga h&s c«a£k> the srj?,e eor^osition r.s coal, it is of interest that cer 

tain coals in the Eorthsra Great £asin contain 15 to 356 ppa boron, tho 

bain/> 116 jsi^a (Zubovic nnd othora, 1961, p. 30).

iua. -~In ALnbazna, Valden Iiidse, and tha Eastern Highland HE

the borj'lliu^ content of the Chattanooga shale may bo estic&ted at about 

3 ppm. In tha Eorthavn Highland Bin and Kentudgr the berylliun content 

decreases like that of boron, particularly at localities 22 and 056 where 

the concentration is only 0.3 ppa« For purposes of comparison, the 

beryllium content of tha Sharon Spring* raeaber of the Pierre shale is 

about 1.5 ppsit tka average for black ahales about 3«5 ppo, which is al- 

BO the average for coal beds (Stadniebenko, Zubovic, and Sheffey, 1961). 

In coal beds tha highest berylliua content is near the edge of the basin 

of deposition, and tha northward drop in the content of the Chattanooga 

shale lends some support to the hypothesis that this eight be the case 

vith the Chattanooga. 3*e facts, however, ere too fev and scattered for 

tenable conclusions to be dravn.

So far as is known the berylliua in the Chattanooga shale isnot in 

berylliua minerals, but it eey substitute for other eleoents in the 

lattices of the alkali feldspars* tourmaline, and the ideas (Saheaa, 

1950, p. W>; OoldJchiaidt. 1954V p. 209).



.-  Tho copper content of both ncrabcro of the

shale is> probably ICO to 200 ppn throtichout tho area covered by this re 

port. Tho tvo localities for vhich lover contents (30 to 100 ppa) are 

reported ere 22 in the ITorthern Highland Kin and 323 in Kentucky. Both 

of those localities are- old outcrops fron which considerable copper 

could have been removed by teatherin^; this conclusion is strengthened 

by the approximately normal copper content at drill hole C56 and local 

ity 16, a fairly nev outcrop which has not been subjected to as cuch 

weathering as localities 22 and 323.

The copper content of the Chattanooga shale, vhich as stated above 

is remarkably unifora over large areas, is in fair agreesent vith[Kraus~<
KUrA't'.iJ ^'^1 $( ',<: -:.iO

/kopf t ej|estisiate of ICO to 500 ppa for blade shales t and is considerably 

higher than the concentration of 30 to 70 ppa for the Sharon Springs 

Bember of the Pierre shale. ITourtelot (personal couammication, 1957) 

states that Paleosoio shales commonly contain more copper than Hesozoic 

shales. On the other band, the copper content of the Chattanooga is 

touch less than that of some European shales. The Permian "copper shale" 

of central £urop« contains as each as 2.9 percent copper, and in the 

black Ordovician shales of Uorvay and Sweden concentrations of as each 

as 1,000 ppa are cosnozu

Copper can be concentrated readily fron sea water under reducing 

conditions, particularly if deposition is extremely slow as was the 

ease with the Chattanooga shale. It therefore it not necessary to pos 

tulate any source area containing largo eaounts of copper-bearing rocks.
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iufl.   "^cont in tho Korthom Highland Jln and Kentucky, the

n content of the Cbnttanootfu ehnla ic probably «'«bout 7$ pptn. At 

16 in the northern ni^hlroid ^iin it is reported nt 30 ppra, find 

&t tha othor northern locrjities, 10 ppnf which ic necr th« lover lituit 

of detection ef the ela»e»t by np?ctro£5rrphic ncthods. ^,3 tha cructal 

ftbtsndancc of g^lliun: is 15 p?n, tho element is enriched in tho Chnttt  

nooi'fi. It io not enrichsd, howavor, in the Sharon Springs nenber of 

tha Pierre shiile, vhich contains 7 to 15 ppa £&lli\m.

The nanner of occrurrenca of gallium in the Chattcnooga ehale is nol 

knovn. Its enrichnent apparently is due to the cffinity of the 

for sulfur vhich was abundant in tha reducing conditions of ths C 

noog^ eec. The ^allima content decreaBoa to the north in a runner sim 

ilar to that of B nicsher of other trace elements in the
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sd.   The vorticsa distribution of letd ic frdrly uniforn at all 

localities oxcspt for higher contents in the top parts of tho section c.t 

localities C42, 16, and 322* *he concentration ran^oc considerably-, 

hoverrr, fron one locality to another within relatively short distances. 

In Valden fii^ga the central locality (C^9) contains lead in tha 100- 

1,000 ppa rsn£0 in all but one rankle, whereas thd other two localities 

(C&8 end C50) contain only 10-50 ppa lead* As locality C^9 is unusual 

in several other respects, this difference would not be so striking vcrr 

it not for the feet that in tha Eastern Highland Bia localities C44, 

C37» end C16 contain load in the 100-1, COO ppa range, vhereas the other 

localities contain only 10 to 50 ppn of the element. 2ren if it be con 

sidered that the 100-1, COO ppia range represents an actual concentration 

of not nuch isore than 100 ppa, tha difference is still striking. Thero 

are faint eiiggestions of a regional j?attern; for exasiple, tha lead con 

tent in the Saithville area (localities 037. C16, C26, and C36) clearly 

v decreases froa east to vest, but core data vould ba required for the

pattern to b« napped. It can only be said, froa tha data at hand, that 

tha lead content of tha shale varies froa about 30 to zsore than 100 ppn 

in Alabama, tha Eastern Highland Bio, end Valden Hid^e, but drops to 

about 10 ppa at localities 056 in tha northern Eigiland £io and 323 in

Kentucky.

tha crustol abundance of lead is about 16 ppa and the elasent it

tin* enriched in tha Chattanooga shale except possibly in parts of the 

lorthern Highland Hia. In the Sharon Springe camber of the Pierre shale

the concentration is 15 ppa, about the ease as the crust al abundance.
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In reducing environcanto mich no prevailed in tba ChAttunoo/^ *c-r. 

appreciable ei;ouRts of lead tmlfido ere precipitated vith other insol~ 

ublo EulfldOB, and such onrichnont probably account a for the enrichment 

of lead in the Cinttancosa ehale. This enrichment, hovever, is far leoa 

than that in th-3 copper slnle of Gerr^ny, vhere lead concentrations of 

as nuch as 5,COO ppa have been reported (Goldachraidt, 19j&, p. ^03).

Sincle crystras of £7ilonnt 1 to 2 no in diusieter, have bean recov 

ered fron the shfile e.t locality & in tha northern part of tha 2 

Highland Ela, end fron the Szaithvillo area,

Tttri«.rg«~!Di» ectioated concentration of yttritm in tho 

noo^a shale is about to to 70 ppa throughout the area of this report 

«ccept at localities C56 end 22 in the Eastern Ei^iland Bin and 323 in 

Kentucky, vhere it is sooevhat lower. 5his concentration coapares vith 

an estimated average of 30 ppa for shales, and 15 to 30 ppa in the 

Sharon Springs member of the Pierre ehale.

Tttriua conmonly ia present in cany ninerala in granitic rocks, 

«hich could have been tha source of the yttrium and aany other trace 

elements in the Chattanooga shale.

Ytterbina. Ytterbiua ia preaent in all eaimles of the Chattanooga 

 hale that have been analy2ed, in concentrations consistently one range 

lover than tho yttrioa content  



21 rcpniin.   1h« Kircoaiuns content of tho dmtanoof3a shale ie prob 

ably about 75 ppa ft t nil localities except locality C6^ in Alabarvi, 

vhere it is somewhat highar, and locality 22 in tha L'orthera Highland 

Ria, an outcrop vhero it io eonowhat lower, Unlike nasy trace elements, 

eirconlua ctoorhot sfcow n r^ionil pattern and io present in tha shale 

in cuch the ooao concentration throughout tho area of this report.

3he crustal Abundance of zirconium ie about 220 ppmf several tirses 

the concentration in the Chattanooga ehale. !Eho Pierre shale contain 

more zirconiun than the Chattanooga, tha rt-n£o "baing 70 to 150 ppa. 

Most of the zirconium in the Chattanooga apparently is in tho resistant 

mineral zircon, vhich has been identified as fine grains in a number of 

Banples,   L  -p. ( /   . , t''

Slcnentfi concentrated according to unite of the shale
A

-In the Eastern Highland Ma the cobalt content of the G&&-

eavay nenber is in the 50-100 ppn end 100-1*000 ppm ranges, and it is 

likely that tha actual content ranges from not men below to not each 

above 100 ppsu Tha concentration h Valden Bid^e is about tha saae ff but 

at localities CUB and C50 the upper unit contains more cobalt than the 

other units; at locality C^9f hoverer, the cobalt concentration in th* 

anonaloua top 4 feet and the 4-foot phosphatic son« beneath it id less 

than ICO ppa. In <ilabanaf the Uorthem Highland £ia, and Kentucky the 

cobalt content of tha Goasavoy is sonevhat lover than in other areas. 

The bottoo-praf erential distribution of the elccent at the three ontcrcps 

 localities 16. 22, and 323 0*7 represent the effect of weathering.
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£ho colbsl/t content of tho Itoi»/011t^4//i oaewber ct Boost locnlitios is 

ono rwi£3 lower than that of tho Gasravny. 5to>u^uout the entin* Chat* 

tanooga chalo tho black bodo contain uore cobalt than the gray beds, 

but the differences are not great.

?h6 crucial abandonee of cobJilt IB about 40 ppm, and tho elesont 

IB thus enriched in the gray beds of tho Chattsnooga ftnd to a £reater 

extent in the black beds, rhc concentration in tha ChnttGnoofift is 

greater them that of blcck tsuales in gendrcl, which i0 estimated at 5 

to 50 ppn, tho msinua figure beii^ 1GO ppa. Tho Sharon Springs eciaber 

of the Pierre shale contains 3 to 30 ppa cobalt t tho evert£$ bcicj 

ebout 15 ppa»

Under the reducing conditions that prevailed in the Chattanooga csr* 

cobclt cozxonl^' ia concsntrj-ted in cuds rich ia or£^nic tinttor; it is 

an "inherent element H in the cr^anio xaatter itself, end additional 

amounts ccy be absorbed from the sea water or precipitated as eulfides
£c»l/(4k:<i tiUl.

(Sahaaa, 1950. p. ^35).

fficfrel»« The distribution of nickel in the Chattanooga shale if 

such the s*B9 as that of cobalt, but tha concentration is aozaavhat Meiy- 

cr. In Alabama, th« Eastern Highland £ict and Walden Bidge tha Gessavay 

Eemb«r contains 200 to 300 ppa nickel, tha content in tha Northern Ei^i- 

land Eia and Zentuclgr being froa 30 to 100 pp&u The highest reported 

content is in the uppar part of the oembar in Valden £idge9 vhere the 

nickel content it ooro than 500 ppa*

Zzoept for tha lower unit at localities C16 and C440 tha nickal 

content of tha Xbwelltovn aeobar is less than 100 ppa.
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The cruntal nbundaac* of niclrol IB about 100 pj>n, tnd tho element 

is thaa enriched in tho blade units of the Chattanooga, eh/ils, but not 

in the gray bods. Tho nickel content of blade shales in general varies 

videly, the estirates ranging froa 20 to 300 ppri. The Sharon Springs 

ceraber of the Pierre &hala contains f?ca 30 to 70 ppa niclrol.

Kickol is & cordon constituent of organic matter. It has & high 

affinity for sulfur and under reducing conditions is concentrated in 

organic-rich nude.

Polybcigrag>« Tha concentration of oolybdsnua in tha Chattanooga 

shale in Alabama and in the i^tctern Highland Kio and Valden Kidge ii 

Tennessee is nuoh the same aft that of nickel; 200 to 3CO ppa in tho 

black beds and lens than ICO ppa in the gray beds. At localities 12, 

22t and C56" in the northern Ei^iland Bia the nalybdenua content of the 

Gaseavsy ceaber is about the ssao or slightly lover than that in tha 

Zastera Highland I^ic, but tha Do veil to vn mez&ber at locality C56 the 

only locality in that area for vhich determinations on the Ibvelltovn
CCitU'.^

were cado Viffyonly about 10 ppcu At locality 323 in Kentucky, vhich 

contains tha Castsvay meaber only, the content is also about 10 ppa, 

cuch lover than that of the Gassavay at any other locality.

The cruatal abundance of nolybdemm is 2 to 3 ppa and black shalee 

coraoonly contain from 10 to 3CO pp&| the eleaent is that enriched in the 

black parts of tha Chattanooga. In tha Sharon Springs member of tha 

Pierr* shale, hovarar, it vas detected la. a very lov concentration in 

only ona of tha 60 saaplaa analysed*
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evolutions* , -wh^n brought in cojrtrct *lth 

sediments under reducing conditions, can precipitate tho element in 

eulfidos (,Sahana ff 1950, p. 629-639)* Kolybdenun probably vas conc*n~ 

fcrated in the Chaitanoo^a shale by this process.

Holybccmw is recovered as a by-product fron the Parisian copper 

ehale of Zur&po (G&ldtecHL-ldt, 195^t P« 5&>). As the nolybdesua content 

of the Gossavny nenbar of tho Chattanooga ehale (200 to 300 ppa) ie 

 omevhat higher than that of the copper shalo (100 to 200 ppa), ths 

el en cut ni^ht be recovered on & by-product basis should the Chattanooga 

ever be rdned on a l&rga scale*

Slcrnonts showing vertical patterns of distribution

!Tho bariua content of both nenbera of the Chattanooga

finale in the eastern Highland Bin end Walcen Eid^o falls vithin tho 100- 

1,000 ppm and 1,000-10,000 ppa ranges, end probably averages not far 

from 1,000 ppa. Where vertical differences cziot tha upper parts of the 

GaasAvay Kenber contain leas bariira than the remainder of the section 

eotcept at locality C51 In the northern part of the eastern Highland Bis, 

vhere the upper unit of the Gassavay baa the highest content* Locality 

C6k in Alabama and locality 16 in the eastern part of the Sbriharn nigh- 

land Bin also contain about 1,000 ppa -bariua, but at locality 16 differ 

ent saaplea rangd from about 300 to as cuch &s 3,000 ppau At locali- 

tifB 22 and C56 in the Northern Highland £ia, however, the bariua con 

tent of the shale is only about 100 ppa, and at locality 323 in Kentucky, 

300 ppa.
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7he crusted nbundr-nce of bariua io about VJO ppja, and the concon- 

frail on in black ohr.le» IB 4£0 to 750 ppa vith a raixisuia of 2,400 

clement ia t)iua sonevhat enriched in the Chattanooga sliale.

content of the Sharon Springe merger of the Pi err ̂  shale, 300 to 

700 pl^t i° lower than that of the Chrittiinoo^a,

Most of the "beriiua in tho Chattcaoo^ fihale probably is in the 

f»ld*p/4rfl t the cl/iy zaineralB, and the nicae, vhore fcariun conaonly si^- 

stitttcE ^or potassiun. Hie relatively high concentration in the 

}Jb veil town R<snber and tho lower part of the Gassaway ncsiber, as conpare4 

^o th« upper Gaasavay, probably reflects in part the larger proportion 

of tho*« ninerals in the lower part of the shale.

\> ->»A11 analj-acs of tha Chattanooga shale for ac&ndtaua fall

within tho 1 to 1GO ppa ran^e, the actual content probably is not much 

w&re than 10 ppa; tha content of tha Gassavay nenber at locality C56, 

K>v«T«rf ia only about 3 ppia, and at locality 323 the average content 

ftvobably it about 7 ppo. Distribution of tha eleaant generally is bot- 

to»-jir«ferential t but at locality C49 in the Walden Eidga area can beat 

be clfc*te<l &B irregular.



The aruatal abundance of Bcandiua is about j> ppta £jid no figures on 

concentration in blade Ehaleo are availcble. The content of the 

Sharon Spring renber of the Pierre shale is IX) ppa, about the smae no 

that of the Ch^ttanoo/r- 'fae eeochonistry of scandium is related more 

to that of mgnscim and f nrroua iron than to that of the rare eartha 

as formerly uas cunnoacd (Goldschaidt and Peters, 1931) and at least 

part of the scandiua in the Chattanooga probably is present as a re- 

plncenent of isa^ncBiTin «ind othar alenentq.

So&nditirj matal has special properties that nay nake It technologi 

cally ufi^ful «van at lt« present hi^i price, although no specific tiaes 

have been discovered. Lnsh nnd ROBS (1961) state that snail cacunts of 

scenciun ere recovered with uranium f ro:a soce ores Einad in the Colorado 

3*latecu. V^iather the eleraant could be recovered siailerly fron the 

Chattanooga chale is not known, but if uses are developed it Blight be 

possible to recover it as a by-product in any future nining of the shale, 

Strontira. The pattern of distribution of titrontitca in tho Chatta 

nooga shale is about tho aaae as that of scanditcn, but strontium is 

about 10 times as abundant as seandiua, the avera^a content laivx on the 

order of ICO ppa.

Tha omstal abundance of atronttei is about 150 ppsa, about the snae 

as th« concentration in the ChftttanSoea chale. The seochsaistry of 

 trontiun is generally sinilar to that of calciun aad bvlTa. bnt valid 

comparisons cannot be cade because of lack of data. Th* distribution 

pattern of strontina in th« Chattanooga is nuch lilce that of
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distributed irregularly In the thole 

1'n a chroniisa content of tha Chattanooga ohale in the

area of this report ie in the 10-1CO tnd 100-1,000 ppa ranges, end the 

averse i» probably not nuch rore nor lea a than 100 ppn; the only 

apparent except ionj nra locrxlitiea 22 rjid 323t both outcrops, in vhieb 

the concentration is about 30 ppn. As a rule tha concentration is high 

er in tha gray beds than in tho black beds, but there are exceptions, 

such &» locality Cl6 in tha Srdthville area vbors tha tipper crcy Dowoll- 

tovn contains chrc^itau in the aca* ran^e as the black upper Gas savoy* 

On the vhole, neither tha vertical distribution nor the regional pat 

tern is distinct*

QIC crust al abtsidonce of chroaiua is about 200 ppn and the element 

thus sppears to be depleted, but not greatly so, in tha Chattanooga 

shale* The content of the Pi err e shale, 50 to 150 ppa, is about the 

fiaa* as that of the Chattanooga, and both formations contain about the 

saae concentration as black shales in general.

Chroaiua distribution is complex; tha eleaent is "inherent* in 

organic tcatter, but also is distributed widely through minerals. Ealike 

«>tt trace element! in the Chattanooga shale, ehrooita does not fora 

 ulfides, and thus is not greatly affected by tha reducing conditions 

tmdtr vhich the shale vas f orned. _



Yensdiir% - 1ho Tiinndlun contont of both nerabsra of tho 

ohale in tho area of this report io on tho order of ICO ppm except for 

localities 16, 22, and 323, in the northern Highland Ha and Kentucky, 

where the concentration ia about 300 ppn; the highest content apparent 

ly is nt locality 16, vhore two of tho upper cesples are reported r.s 

containing l.OCO ppa. 7fhe van/idiua content of the tipper or gray unit 

of the Dovelltovn is lov, but at two localities (Cl6 and Cbb in tho 

Eastern HicJiland Bin) tho blnck lower unit of the Idvelltovn con tains 

more vanadiua than the Gassavay member.

The crustal abundance of vanaditra io 150 ppa, and the elenant is 

thus not enriched in the Chattanooga shale except in the northern part 

of the region under discussion. Tha concentration io not for fron that 

in the Sharon Springs naaber of the Pierre shale, vhich contains 70 to 

300 ppa. vanadiua.

Tanadiua is characteristically associated with carbonaceous shale, 

but the concentration of the element in the Chattanooga shale reflects 

to only a Blight degree the percentages of carbonaceous natter in the 

different units* It osy be that vanadiua is concentrated by only one 

of the several types of carbonaceous material  end its apparently 

erratic distribution reflects this licitation.



ZLcnonto detected only locally in the

in n concentration of about 30 ppa, vns de

tected in one ea.-nle frcn near the middle of locality 16; in the ciddlo 

and lover units of the Gasaawny member at locality C42; and in. the lower 

unit of the Gass^way m»Ebor find tho tryner unit of tha Douelltoun ncrabsr 

at locality C49, Thsso loc/ditios rAre shovn in fi&zra 1?.

!?  Sketch rcr? shoeing localities at vhieh Irjithsniia end niobivr 

were detect ad in tho Chattanooca ehule.

lower linifc of detection of lanthanum by senicucntitative

 pectrographic nethods is 10 ppn end it IB possible th?.t ths element io 

present in other localities, those in which it ia present representing

 areas of slight enrictesit. Although l^Jithajiuni, where detected, eppear? 

to be concentrated near the niddle of the foroation vertically, too 

little data are available for any safe conclusions to be dram,

Kiobiiiru  »The threshold of detection of niobittm vhen the deteirdns- 

tions vere made vas 10 ppn, and the element was detected, in spproxi- 

mately that concentration, at localities 22, Cf6, and 3^3 (see fig. 

17}   At all of these localities the element is distributed evenly 

throughout the entire section of the shale*
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Fig, tfa Sketch nrm showing localiti :a at which Idnthanua and niobium w- 
found in tho Chai;t,anoo;'a ehale*



5'ha three localities in vhich nioMjz/w v&as found arc in tho north* 

western part of tho crci discussed in thlc report, n Ions dictanca frcn 

the shore of tha Chnttr^ioof^ eca* This fr.ct ou^eots a regional pattern 

of distribution; Lut the data are too cparae for thio to be core than a 

digestion. It should, ce raid, alEo t th'xt the ennples fron localities 

22, C56, and 323 voro in the Inst croup analyzed, and tho determinations 

possibly vera core pr^cico than those cir.do earlier.

Si^v^r rnd gt?Id,»»Over tha period in vhich Epectrographio analyser, 

of the shale vera cade tho lover liait of detection for silver decreas 

ed f roa 1 ppra to 0.1 ppa, and about half the caaples shoved the 

Just above the threshold, therefore it can only be eaid that the 

tanoo^a ehale in the area covered by this report contains 1 ppa or less 

of silver. Gold waa not detected in any of the cpectro^raphic analyses.

/bout 1920 sennles of Devonian ehales froo 22 counties in K*ntucJ# 

vere selected for fire assays of gold end silver content, and the re 

sults reported by Grouse (1925&). ?h0 assays vere mado on hand samples 

vhich nay or may not be representative of the shale in large areas, end 

the exact locations of the saapled localities are not given. Also, the 

assays vere cade on roasted sc&ples, vhich had lost &n estiaated 20 per 

cent of their original veight. Tha average silver content of the 22 

samples ic given aa 0.09 ounce per ton, the average gold content as 

O.C09 ounce per ton.



Of Doro poofcibla value ti*m the a&B^/c frcn 22 ccxttercd 

ero thoee from 6 counties  -}x>yle, Caac/y, Cut^orlrjid, Lincoln, Mrion, 

and Tsylor (locality 323 of this report is in K&rion County wid Cumber- 

land County is between localities 12 and 16). In thes« counties tha 

average silver content ia 0.063 ounce par ton, the average gold content 

0.009 ounce per ton. As 1 ounce per ton is equivalent to 30 ppn, it 

follows that the routed ehale in thoue areas has an averted silver con- 

tent of about 2 ppn end a gold content of about 0.2? ppn, end tfcat the 

chalo before roasting contains about 1,5 F?13 silver and 0.2 ypa gold. 

!Ehose values , thot^h ejctrenoly low, are not BO low as to prohibit pos 

sible recovery on ft by-product bafiia ehould the shale be mi.:: ad for 

other purposes.

Tin.*  Tint in concentrations of 10 to 30 ppa* was detected in tic 

ehal* frost localities C^9, Cl6t C26, C36, C44t C56, 22, and 323 (see 

fig* 1C). The highest concentration is in a 1.72-foot oacplo 2.85 foot

Figur* 18. Sretch nap shoving localities at which tin vaa detected in 

the Chattanooga shale.

 bora the base of the Cassava/ maaber at locality C^9, whore tin in the 

100-1,000 ppm range w*i reported; the rezaainder of tha section contains 

the clement in the 10-100 ppo range* Except for this locality v the ver 

tical distribution of tin is virtually even vertically, throughout both 

nembers of the Chattanooga shale, at each locality,
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Fig, : Sketch map shovln? localities in which tin was detected in 
the Ch ttanoo^a shale
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Oho threshold of dotectability for tin by Besiqurjititafcivo spectra- 

graphic netho&J i3 10 -ppm, and the element possibly ia present at loa-d- 

itiea other than those in vhich it vas detected. It appears, hovcrer t 

that the highest tin content is in o belt extending northwest f rca 

locality CJ^9 through tha Enithvillc area and into the Korthsrn Ei^iland 

Him end Kentucky. 3ia occurrence at locality C^ ncy be an isolated 

one, or ruiy reo resent a southern continuation of the relatively hi eh 

tin area in tha SirJLthville area.

Some of tha tin in tha Ch&ttcr.oo£a shale ney bs in g&lena, and 

tome poseibly ie in detrital caasiterite, vhich is comaon in grnnitic 

rocks ruch as those from vhich each of the detrital natorial in the 

Chattanooga vas derived. Css site rite has not beea identified, however, 

in eamoles of the shale*



Zinc.  2inc in cu-uzi titles &love tho lower lir.it of detect /.on, 

vhicb WP.B 30 PP11 w^on 4--11 £&jnpltja vorc anr-lyzod, vr.s detected In 

plfcfc frora the tipper part of the Goscr.vsy r.er:ber fron 6 loc?litie?~C26 

and C36 in the western p/.rt cf the Czithvillo, C51 in the northern pert 

of the Bisl«m Highland Ki»v 16 r.nd 22 in the Ilorthem ni^hltrd Hnt rr.il 

323 in ICentuc'/^'. In tho £slthvill0 area the elcnent is reported in the 

10-100 pps end 10 0-1,000 pr.n r:ji£os; tho net mil content pro'bf.hly in not 

far froa ICO ppa. Ab loc^aity C51 it is reported in the ^0-100 ppw 

TBit&St end tt the tore northerly localities tha content rnrse? f ron 

about 100 pro at locality 3«?3 to nore thrji 300 ppa &t locality 16, the 

top 2 feet of vhich contains toout 1 9 CCO pr.-n. Ko sine vas detected in 

ths Dovalltovn csaber fioccept at locality C6-'* in -iltbEna, v5iich contains 

50 to 100 p;*» sine.

Except for tha ^Uaoena locality, tfcs vertical and regional distri« 

Vution o.f 2inc ca^es clear pattarae, as shovn in fi^ur* 19. A general

19. Sketch rap sho'.vin^ localities at vhich sine V.TJ detected in 

the Chattcnoo£& shale.

correlation of zino contant vith tho phosph&tic son a of the 

aembcr can "be distinguished, although tha zone vas not detected in the 

Saitbrilla localities analysed 'but' ia kcovn to *ba present at other near- 

Ir localitits*
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Fig* |8rt  Sketch map showing localities at which zinc was detected in the

Chattanocra shale/



Shales contain!!^ organic rc<minc t cuch us tho 

are eomionly rich in zinc, find the highest concent nitionn occur in 

places vhere tho production of hydrogen eulfido froa decaying organisms 

io comparatively veeJc (l:&&aiaa end Sahsna, 19**9, p. 713)   £* the phos- 

phatio zone vas deposited in "better derated vater than the underlying 

parts of tha Cass^vsy wes^bor, this condition ni^ht explain the distri 

bution of zinc in tha n«nbcr»

U«~Ia the nitldl* 19^0* s tbero vas considerable interest in

finding gorn&ntei for use in transistors, a need that dropped offji/hea 

nethods of using silicon for that purpose vere developed. Carseniica 

was not found in esy snsnles of the Chattanoos^ shale on which spectro- 

graphic deter?3inatioE,s vere tmdej if present, it vss below the threshold 

of detect ability, 3 PP3« ^5 the association of gersaniua vith certain 

parts of co&l beds van well knovn (Stadnichenko and others, 1953), 

samples of thin (hslf en inch or loss) coaly stringers in the Gnssnvav 

nember of the Chattanooga shale at locality 2053 in X^vidsbn County, 

Tennessee vere collected by L. C. Conant end T. H. Kehn of the Surrey 

and analysed chenically for cerceiniun and other elements. The results, 

reported by Breger end Schopf (1955) shov that the coaly material, 

vhich in conposition is practically the some as hl^h volatile A bitu 

minous coal, contains fron 250 to 510 ppa gensaniua, vhareaa the unveatb- 

ered shale between the voody stringers contains only 0.8 ppn ganaaniun, 

far belov tho licdt of detection by sen! quantitative spectrographio 

aethods.
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On the banit of geochcfoical considerations, it cecaa proLablo that 

the coaly material originally vas lo£3 or voody fragmenta.floated into 

the baoin of deposition* and vas cera^^u^-D^rine when it entered tho 

sea.

Efer« ear^^s. £lover (1959* P» 153) reports en 

of rard earth» in a ^rnb canple of highly veathered coal 1 

the Maury-Fort Payno content at Ma locality 8IW2 in Dade Cotnity, 

OcoTgia. Tha coal probably represents burial of one or tvo isolated 

logs end hence vould te of no connercial importance# "but the occurrctico 

10 of concidorable ecientific interest and is here mentioned even thxnri 

It i* not in tha Chattanooga shale itaelf. Ihe coal burns to 10 per 

cent ash that contains all the rare earths except promethiina. In tha 

1 to 5 percent range as doternincd spectre graphically are yttrium 

nanganese, gadolinium, and neodynim, and tha ash also contains 0.16 

percent  uranita by chemical analysis (Breser and Leul, 1955, p. 186).
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ObHervutlonfc on tho chemical conposition of the cha 

Observations on tho corrcoRition of tho Chattanoo/sa ehale mat t>a 

evaluated in tha li^t of the conditions under vhich the data vera ob 

tained, and tha resultant gaps in tho information* to stated in tho 

Introduction, the P^olc^ical Surrey 1 B investigations vore priiv.rily £eo- 

logic field filutUes* e^ci routine cr^ilycoa for r;idioactivity end uraniun. 

Additional ctudies rzide Inter, r.ostly cftcr 1955? 6i^ not constitute a 

conprehccisire r,tudy of ths ^eocheLiistry, Eineralo^y, and petrography of 

tha shale, but were directed toward obtaining imsvers to specific ques 

tions. Investi£*tioss by The PonnsylvJinia St?,te University, vhich h^vo 

been drawn tmon in the preparation of this report f vere United to the 

chesi«try, ninerr.lo^y, and petrography of the Gaseaway aerber of the 

shale froa corfss supplied by the Bureau of Mines end the Geolcsicnl Sirr- 

vey, and included no field vork.

3fc« tmifornity of the Chattanooga shale in eppearence and ^sneral 

character!etics over 1&T%* areas, vhich has be«m cotraented upon by prac 

tically every student of the forcation, in substantiated by tha data 

obtained dirin^ the Survey^ investigations. There «-af hove7«r, regbiv 

el differences, ejid difference* between the rwsibsrs mad units of the 

shale, that have important bearings on thd economic potential of the 

fomatioru ,
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Two of the localities for Which chemical rjvtfyaea u^r© en da  

in Jftonnt Coimty, Jilfibaca, and 323 in Mfcrion County, Jfent'iclry ara 

dioteacea frora th.i area of intensive inventicationo in Tenn^nnee, 

teen colcctod to obtain na idea of regional chnngos north end couth of 

the Tennessee argau Locality C^- his yvirticular itr»7X>rtrAnco tacn-iso 

thro^-xhout Dow&lltoAUi tirja ivnd ocjrly Gansavny tine th^i Altl)ani.a e?ab^y- 

eont in which it ocourts vns separated frora the Tcnneaees cnb^mont. an 

erea after the t:.*o eribnysent» coalesced d«*positional conditions in thft 

two ere/is vore «one»rrhct different. On the other hand, tha ahele at 

locality 3231 vhich is jiev Alhpjiy r-ithar than Chattanooga, fihale, doec 

not differ nateri&lly froa that in the Tennessee Area* except fcr 

changes rel&tftd to its groat«r distance froxa tha shora line of tha 

Cbattanocv^a sea.
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of th/> Ga.ssttva-y noxfoor rr.d of tbo bcda of guest 1 on 

B&valltovn R£o in Alabczv*. ore co&raer-srainod than tho Chattcnooga 

a halo of Tennessee, end ths formtion contains nuch disseminated q 

sand, scattered ch*rt beds, and iAtrafom-itioaal congloneratej these 

conditions ar<* r^ra pronounced cnst end northeast of locality C#* tbrji 

ct tho locality itself (plover, 1959, P» 13?-1-J9). *"ho quarts content 

of the shale of tha Gass^uay ncnbsr r.t locality C6b (33.1 porcent) is 

higher than that of a»y other locality frba uhich saj^los vore cnBl7SG(3 

and decrofisas %dth fnir rcoilarity northward, boing about 22 percent at 

locality C^6 in th« Northern Highland rda of Tesneoaeo; no data are 

available north of that locality* Uo data on tha qtartz content of the 

shalo in tfalden Hid^a has bean obtained^ but Cloyer (1959, p» 

states that thd chole In that erea is sandier than thr*t to th 

coDparison of ths silica content of tha ehale froa Kaldea Kidge vith 

that from Alabona, hoverer, suggests that q^iarts is not as plentiful 

there as in ^labfizia* 42 thd Voldoa Bid^a and Alabama localities prob- 

ebly vera about tha saaa distonea frost tha Lata Devonian shoreline, 

tha higher quarts content in Alabaaa cotdd reflect differences in source 

araas abotxt vhich too littla is knovn for conclusions to ba drawn*

Tha only locality vhich does not fit into a regional pattern on tha 

basis of tha chezdcal analyses is locality C49 in Valdan £idga« There 

tha tppar *fr faat is distinctly anomalous in several respaets, and 

throughout tha entira section tha distribution of soaa elements is 

tuxusual*
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At all localities and for all units of tho shale feilica, 

potrtseia, magnesia, lies, iron, and loss on i t7nition coisprise about r/d 

percent of tho roclr. Slie principal variableo are silica and alumina 

on tho ono hand, iron aad ignition losa on tha othar. /a noat of tf*e 

iron is in p:«Tit3 or z-jarcuisite, the iron content and that of culfur ^nd 

carooa«iCOoiAS notarial cro closoly related. These constituents combined 

comprise a"bout 23 percont of ths Cassavay nenber fron locality C64, 24- 

to 30 percent in Veldon !^id/;e, and 2? to 35 percent in tha Eorthara and 

Eastern Highland Kins and in Kentucky. The range of these Bano constit 

uents in the upper unit of the JDovelltoun nenber and the undivided 

Eowelltova i« 1^ to 1? percent, and for the one locality (C37) frcn 

vhich sanples of tha lovtsr Dovelltotm vsre analysed, the content is 22 

percent.



The high contentt: of iron &nd organic nattor in the 

r-h&le reflects the strongly reducing conditions of the Chnttunoorn sea. 

The fact thr.t the conbined content is cbout half ac nich in the grry 

bees of tho itpper unit of the Zfevelltovn ncnber r.i in tha black beds of 

tha Ca&B*i*at$r ?rewfc<?r 5Wf?«^s E^rpn^ly tl^o ctr.tcmcnt of Glover (1959), 

vhich fcan beeaa merMe>/ie4 pi^rvloiLTly^ tliat the chinrro fron bind: to grty 

beds in the Ckattw:on|ra eh^Ie rcflcctc prlmrily on increncd is dctrital 

rf.teriAl introduce into the sea, r.tther than n chrci^e froa rcdiicing to 

oxidizing conditions. Jiad oxidizing condlticr.5 -prevailed for the lor® 

period of time over which the gray bods were depositodf it ie hard to 

believe that enough of tha pyrito end carbonaceous natter would have 

been preserved to nske ur> about one~s<yventh of tha total shala. ^aotiv» 

«r evidence is the relatively lar^e size of tha pjuarta grains in the 

adddle unit of tha Gaseavay aesiber (2? nicrons as against 18 isicroas 

in tha lower and upper units) at tvo localities in the Smithy-ilia area; 

no aeaeurerjen18 of the Dovelltovn mecber were mde, but tha diffarance? 

betveen tha black and grsy units of tha Gaaaavey are inatractive*



Mk* that of tha Wfcjor co^Ut^ent^, th^ distribution of 

el«!"n«nt« in the-Chattanooga whilo IB rerwurkably mlfom vhon the 

Giv?a covered by the invest igzti&nn i* connid^red; thia io p 

trua in ths Western K^ghlcnd Riaa and fcfoldcn Sit^e, vhioh are 

of tha latd I?t»voni»?i arch extcndir^ northeast fron th-3 Kohcnvnld Plat- 

fom. ESai-J$3 o-f tK© s^wi^uaj^titAtivn nr.ture of tho data irrt 

tions n?jtot bo nia.(ie ca,utious>ly; but ^nerally STjcaking, for ceost c 

find r.t cost locr.litioa th* cor.cer.tr».tion falls v/ithin t'..*o 

of n^T'.it'a-io, le.icin^ to the conclusion thnt the actual content

tho r^cn i* n^t nuch cbova nor belov tho dividiiv? lina botveon 

the ranges in which it is reported.

Be£ion«Tlly, th« concent rat iona of cor-pcr .ind rirconi^sra are f'drl;- 

vertically at e<-ich loc*»JLity uid over ths rfit/*ion as a vholo, 

there is seise depletion of copper 6t the two old outcrop local- 

ities, 22 and 323. Of the other «ldzicnt» that ehov little chrjy^e ver 

tically at «loh locality, boron, b^ivlliua, and ^alliun have a fairly 

ttaiform regional distribution except tl^t the content i» soaevhat lover 

in tho &>rthera Highland ?la and Xentudgr than elsev-haraj to a lass ex 

tent this ia true of yttriua and yttcrbiun. Tho concentration of lead 

ranges considerably between nearby localities^ but no pattern can be 

discerned from the scattered data at hand*
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Tho concentrations of coVilt, nickel, ond irolyfc^nwa 

correlations vith the conte.it of organic nuttar. Jgrsrinn, tfcsndtun, 

etroatiua are distributed to;>~prcforentiMly in tho shale, tho 

content usually "be^ng in tho upper unit of ths Dr>velltovn we&ibor. Of 

clc»e»ts t>iat vere not detected at «I1 lo<xilitia£ t too little data on 

nicbiua, lanthafta^s, and silver arc sTailc.tle for conclusions to te dravaj 

7in and zicc vero detected only ir. sainplc-s fron the 27orthsm HsWLarj 

Biffl £Jid KfcEtucky, c^id tXesc eleae-nte thus shov a resicacl -oattc-rn ^4? 

distribution opposite th^t of cost of tha tn-co elements, vhich rtpreiir 

to increaao fron north to south*

Ihd only localities for vhich tho content of trace eleaents does 

not fit reasonably vail into regional or vertical patterns are locali 

ties C&P'c&d 22. Tho ccnditions r.t locality C*J9 haw been discus sec; 

previously. At locality 22 9 an old ot;tcropt veithering toieaestionA&ly 

has had sone effect on the present concentration of certain elenante; 

in addition, the locality is near the crest of the Late Devonian arch, 

and the shale in that &rea partokea of sone chr-racteristica of the rock 

In both the Eastern end Northern Highland PJlns.
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Petrology and r/i

The petrographies dita and in part the ninaralo^lc data in this 

eaction are surprized froa Conant and Svanaon (1961, p. 42-48), vjko 

point out that tho cost obvious Chiractcriotic of tha black bods of th$ 

Chatt'isoofa coal* ia tho extremely fin® grain ei»« of noct of tha con- 

ttitusnts and the hjl^h a>£re«j of sorting vhich results in very f ino 

Imoinae. Moat of tho ninerale obsarvcd rnnge downward froa silt-eize 

particles to tha linit of visibility vith a light nicroncopo. Aaons tho 

Siinerals visible nicroscopically cro qioartz, feldspar-{costly orthoclass 

Gccordiiv; to Bates *nd Strahl f195^)» pyrito, ndca in flakas locally 

largo enough to bo seen vith tha nrfeod eyef ricroecopic masses of phos 

phate, and c&lcita which conroonly occurs as scattered eingle crystftls. 

In general, tha bine!: bods of tha fii**le are extreraoiy f ina-sir-ined ar- 

gillaceou* quartz siltstoncs, rich in organic natter and pyrite. TM 

black ehala of tha lower mit of the Dovelltovm cenber is less veil 

torted than the Gassaway.

Ifca gray beds of tha Dowelltovn r.enber and to « lass extent those 

of the &iddle unit of tha Gassavay nesber cure finer-grained and contain 

nora clsy, and leas orf^nie natter, than the black beds* Thin-section 

study thovfl that city, or some equally fine-grained natarial, consti 

tute* about 65 percent of the rock* Recognizable ouartz, pyrlte, end 

organic natter are next In importance. These clny-rich bads show less 

parallel!cm than tha black beds and tha loaination is poor; they are 

properly referred to &a cloyatone*.
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Only one coiplcta nlnaralogical analytic of tho Chattan-oocA chile 

ha* teen mdo "by tha Dirvey, this boin£ l)y Deul (1957) vith the objoo- 

tive of detcminin^ the relationship bet«can oi*£CJiic mL.torirJ. and ur^^- 

niiaa content. 9he ssn|5ie arjilyr.ed vi^ frcia tli'3 upper 1.36 feet of tho 

upper unit of the Cjassautey mewber at locidity 99« jus£ southwest cf t>u> 

Saithvillo nrea in tho E^atcra Hi^lvlruid fciui. The  oraiu.U'a convent of the 

ceaple v.°.3 91 PP23 * eonvrwhnt idgXer thiin tha uvcri?ca content 02" the. 

upper unit of tho Gaasaway. She content of or#inic c&ttftr vaa 17.5 per 

cent (13.7 percent carbon, 1.2 percent hydrogen, 0.5 percent sulfur, 

0.4 percent aitro^ant tnd 1.7 percent o^r^ea). lha const! Vaents of the 

mineral rattor vlich cake vsp 82.5 percent of tha shale cr« ^-ivcn
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l^.rcrr'.J, Cnnt f ?ni .  »> o r c *

and n^rcfiaito 12.0

"Hydronica" (illlte?) 30.0

.3

Calcit.-s .2

Biotlte

Quartz 53

Cthsr nlr.<*rala, inclti£].ins hematite, 
llisonite* and sulfatas. 6

Total 82.1

I/

Tha su&csition of 82.1 is increased to 62.5 vhen the elements nos 

analyzed for, but knovn to )?e present froia 

8peotit>crsphic analyses, are included*
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Tho Pcmncylvrmin Stat** TWLvcrsity frnal?rxed c«ro'» <?f tho 

meaber fron 13 drill boleu for pyrite, carbon, gmd Bilicoiec. Pour cf 

tha coros vor« fron tha ircrtharn JU&ilmd 3&n, 6 fron Ilia 

lend $M*V 1 rr*^m \'ru.dfl0i ?U«%*, ar-d 2 frof» /ilnbsm. 3ie

swrall 1 to 2 ir.shos nnd no effert waft yuido to stibdiride tho

into units. In sonn csres tha catiro section -w^s not 

thus msJcln^ a certain ancient of cxtrspolctlon n--ces*i'.ryj thic, 

is r«ot cor.Bidercd eerls-os, s^th^uj'h tho ar^rs.^-, given In tft'ble 7& 

should "be considered gnncrnl rather th^n yrocisr.

As table 7 ckovs« th^? p^lt5 srd carljon contents nre lo>*23t~S 

8 percent respectively and the cilicates kl%h<&t 75 percent c.t the 

AUb£;na locriities. ?h9 j;yrlte content is Mi^iectT-acout 12 percent  

In the Xforthsra nif^hlHnd I2.»; it is 8 to 9 percent in tho Astern Higi^ 

lend ria end 'faldon Fic£e, In fill areoa except Alawuna the CETlson con 

tent if zxbout 12 percent, the silicate content 6$ to 68 perceni.

Strahl (195^) cniilyscd cores from 5 localities for qtiarts, keo- 

i and illlte; hie figure* era eorasnrised la tsTole £.
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 IE.UJLU f .Twrjcrai ^jjiLC**:* vu wiiu wiii. r'-v.-.^/ uuuut/jr u± w«"3 w.. t>&ru . /t>, ^t

Chslo, cwmwerizeU frora Batca r-nd othrra (195^) ^id Str^hl (19.5$)

Loc.ili^ r^nt)
Carbon Silicates

, Wpytfcern. KijcXl^rnd Kin

C34

059

C60

C^2

C4

Cll

C14

019

C44

C45

C47

064

C66

16.1

10.8

9.1

T> nX/-« '

11.5

12.3

. 12.4

11.5

Eastmmj&lsndKj.

9.C

9.1

. 8.3

9.0

9.2

6.6

8.4

H.9

12.3

11.1

11.8

11.4

12.2

i Si*»

12.0

Jttab<<*na

5-8

6.6

7.6

8.4

61.7

65.0

70.2

64,^

65.6

65.9

70.9

70.C

71.9

71.9

6*.t

76.4

74.4
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of the

content of the O-nn«vr<y »*j»bo 

fron Strabl

Illitc

C59 21.7

21,9

3.3 25.3

Highland 7; In

Oil 2.9 22.0

(*
Jilabsra

33.1 3.3
t 

| 18.5
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-aizo of the Quart2 grtino in tho thr*lo froa different locali 

ties ia reported by Strahl (1959). At tho Alabama locality, 064, the 

r&nge in tho Gasnawny wenbar is 26 to 43 microns, the Bvemce 31 

aicrons. In th« Siai^hville area the average (from localities Cll' and 

ClU) is 19 nr.d 17 nicrons respectively, "but for the -middle 

the citea tre 26 nicrona end 28 cdcrons respoctively. In the 

OaftcRw&y ueaibor in the iiorthern Highland Ulin the ayerage size is 1^ 

nicrons nrji there is little difference froa top to hottoa of the aerfber. 

Thus the (prain siss of the oja«rt2, lifce the crinrtz content, decrs25£S 

froa sotith to north.

XJraniicft content of the sh»le

General f eatiares

T/rsninia analyses of scinples of the Chattanooga shale ara given in 

table 9, vhich includes data frca all localities for vhich analyses 

within a precision of _£ 5 PPm vere cada, as veil as & fey localities 

for vhich the analyses are precise within _£ 10 ppo; these are included 

to complete the regional pictnre for certain areas, sad to include all 

localities for vhich oil-yield data have been obtained. In addition to 

tha cheaioal an&lyses for uranium, deterzdnations of total radioactiv 

ity* expressed in terns of equivalent ureniua (eU) ara also given for 

aost of the sazsnles* _
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Both Barbers e^d all unite of the Chattanooga eh/ile arc onrichcd. 

in urrrJLuia to sons do.Trcc. The crustol abnndnnce of tho elc^on* ie ?. 

to 3 ppn, and the ezirichnj?nt in the Chattanooga rangoB frea *&out four 

fold in ths \TppQ? unit of the Do veil town nenber to ft* nuch as forty- 

fold locally in th.3 up-pe-r ^dt of the Cassavay redber. Over lar^e 

areas the G£.ss&vay iseaber contains about 60 ppn uraniua, and over a 

snaller area tho lover unit of the Dowelltown nenbor contains 25 to 35 

ppsi. The uraniua content of the upper unit of the Dowolltovn mcnber 

is cuch lover, about 10 ppn>.»



uranira in ths Ch^ttaiiooca chale i» in a Eetallo-ore^nie com 

plex (Xteul, 1957) r-nd no uraniua minerals have been identified in the 

rock in Tennessee. In IteEalb County, Aicbana, however, at locality 

7JJ-2 of Glover (1959)» Svingle end Eardeaan of the Geological Survey of 

Tennessee fo*n.d iri'ntifiable urjiniua nineral* (B. A> Laurence, personal 

comsunication, 1962). There is general ngre^aent that the uranium vso 

concontmted cyn^ensticolly vith the forsR,ticn of the shale (Conant and 

Svanson, 1961, p. 70-77)  and th^t the total radioactivity of the rock 

ie in secular cquilibritsa vith its uranium content (Bregcr, 1955) t tho 

few cpparent exceptions to the latter rulo bein^ traceable to voather* 

ing. Zxasiples of secondary enrichment that have been noted cay be ex* 

plained also by veathering processes. One locality that shove both 

radioactive disequilibriizn end secondary enrichment is locality 71^2 

in Alabaicaf at vhich, as mentioned above, uraniua ninerals were found, 

In this faulted and weathered section a 6-foot interval near the niddle

of a thick, (about 70 faet, vhich possibly includes some duplication of
/ 

beds) section, the uraniua content of the shale ranges froa 65 to 90

ppsaf cospared to about 40 ppa for the remainder of the section. The 

equivalent uraniua for the saae interval oeasured 0.009 to 0.016 per 

cent, whereas the ceasureisentB for nost localities containing compar 

able affiotmts of uraniua are on the order of 0.008 to 0.012 percent*
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At nearly all outcrop localities and drill holes tho distribution 

of uraniuti in each unit of the Chattancooft shale follows a fairly reg 

ular pattern. In tho upper unit of tha Gassavay member tho concentra 

tion is highest about tho niddlo, or sli^ttly above the middle, of tha 

unit. In th>> ciddlo unit the content varies according to the ntebcr 

end thickness of crav bods present; and in the lovor unit tho distri 

bution is bottor>-praferenti&l but not markedly so. At three localities 

along the Snot era Highland F4ja, however, the distribution is sufficient 

ly anoaalous to .Justify discussion. These localitias are outcrops 99^ 

103, sad 106, vhich are in a line about 18 niles long along tha etrike 

of tha formation (see fig. 2). Locality 99 is in the bed of on inter 

mittent stresa alon^ide a gravel road; localities 103 and 1C6 are 

road cuts. At locality 99 Q 1.5-foot sanple, 2.35 to ^.35 faat bolov 

the top of en 8-foot section of tha lower unit of the Gassavsy nesibcr, 

contains 130 ppa as against an average for the entire unit of 68 ppn; 

this high content of on* sample is not an analytical error, but the 

possibility of contamination cannot be ruled out. At locality 103 tho 

niddle U feet of a 7.1 foot section contains 63 ppa uraniua as against 

an average for the unit of 55 PP&; &&& &t locality 106 tha diddle 1.31 

feet of a 4.^2-foot section of the unit contains 72 ppn as against 55 

ppn for the entire unit. Locality. 104V vhich is between localities 103 

and 106» does not show comparable enrichment in the lover unit of the 

Gassavay, Tha reason for tha enrichzunt at localities 99, 103, end 

106 is not known. The fact that th* localities are in the area in



vhich th« bej&tonite bad near tho top ol" *vho Bovclltovn wewbftr in 

ecnt finest* th»t wh«a the crwi oubsitfr.d after the lute ^ovoll 

lift aor« tKnn nornal cjt^imta of carbonnceoxig rsaterial ccy k?.vo 

brought into tha cesi, providing conditions favorable for cmrichncnt in 

tHT.niuci; this ir. evidenced by the chtarccterintici? of tho hi^ 

erou* interval r.; locrility 99, vhich is mich roro r&saive thun the 

more normal lover Cftspsvsy. di£, hovevcr, is onl7 a
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localities 99 «d*d 106 the i^per unit of tho Cuaanvny in unbar it

thin ^.12 and 2.8 feet rcopoctively <md the top 8/30- 

pica are very high in uraairaa ICO ppm c.nd 92 ppn respectively. At 

locality 1C3» vhore tha upper Cassaway is 3«9^ f e»t thick, the uraniua 

content of tho tir.it is 79 ppn r.nd the vertical distribution is olnost 

tizdfona, 7ho hir^i uraniua content of tho top bods lit localities 99 tn 

106 nay be related to tha fact that in this area tho topisost "bods of 

the GasRnvcy apparently have been removed by erosion (Concnt end Swan- 

con, p. 36} v end there could have been isone enrichment of the remain 

ing beds. At locality 99 tho upper Cassavay is even core cassive thai 

thfi tmit at E»st localities. A nuaber of large seoples taken froa th^ 

upper part of the unit confirm the high, uranlvia content shown by the 

routine analyses given in table 10.

The uraniua content of the shale ehovrs a good positive correla 

tion with tha content of organic isolate, and to a less extent vith 

that of pyrite* So causal relationship between fgfr tho uraniua and 

pyrlte contents has beea proved, hovever* though it Day exist. It is 

likely that tho concentrations of the xsinaral and tho element reflect 

nothing oore than the reducing conditions in tho Chattanooga sea that 

vero favorablo to tho concentration of both. Tho studios cado to date 

do not thov that the uraniua is intimately associated vith tho pyrite, 

but nor* data aro nood*d before definite conclusions can bo ftrcvn*
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Au a rulo, those parts of the Chattaiioo£& shale that contain a» 

cruch ao 50 p?n uranirsa nloo contain 20 percent or core of organic

na tori si ao assured either by loss on ignition or "by the percent of
.P,t 

organic isolate (sea tablos 1 and £). Basically, tha organic natter

ccsrpriseu tvco voain types, voody or hmcic natter, end sapropelic materi 

al conposed of sporeo, cuticles, and related c&teriolo. Of tha eanplcs 

that htvo been analysodt the hi (̂ heat uraniua content has boea found in 

thin (a (juarter to lialf »ji inch) "beds of woody material froa the iipper 

part of the imdivified GnawiTtfay laariber at locality 203B in Ifevidson 

Couatyf in vhich £srr.aniua va» also found (see p. ? ). Six caaplea of 

this oaterial coatrdned fron 1^0 to 250 ppa xiranixaa, as reported by

Bres$r and Schopf (I955t P. 290) and Svanson (1961, p. 35). Tor this
^eight^

locality tha urantua content of AT^foot saiaplea of tha shale, includ 

ing the beds of vocdy Daterial* ransss froa 52 to 61 ppa and everages 

56 ppa. ^Ltfcough coaly nateri&l such as that analysed froa locality 

203B i* fairly abundant >core* of the shale shov an averega of 3 to 5 

suoh bands (Brcger and Schopf, W5), za analyses of the saterial ex 

cept that froa locality 2033 have been oade. At any locality, boverer, 

it eoaprises only a very email part of the total shale.



It ha* boon stt^geeted (StAnson, 19&?» 19^1) th^t urnniicj is con 

centrated primarily la the bjunic fraction of the orc^nic tetter in tho 

Chattanooga »hnlo. Only indirect evidence of tho proportions of hunic 

and sfipropelic r/itter in the rock are available, end at present it ia 

not possible to prov* or disprove that hyj>otho3i8. JJoveror, both hunlc 

and ecrjro^clio s^Etrac^e ar-5 UGidlc rjid arc able to fix isrcjiiun as 

th«  D.rwiyl ion {St&dnlkoff , 1930), md ia the area covered ty this re 

port tha uraniun content of the chale showa A cood correlation with 

the total nnount of orgr^iio natter; this is ehoxm "by the diagram (fi^. 

20) on vhich th-a nraniin content of tha chfile, in parts per nillion f is

20. Dia^TTJia showing relation of iiranluri in the Clmttsnooga 

shale to percent of organic isolate*

plotted o^rdnst the percent of or^?-nic isolate, The probl^a is dis« 

cussed f urther in the s action on the oil yield of tha shale.
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Tho concr.n trail on of tirzuiluft In th'j Chattr.r/>o£. ohele bag

d nn t>nj result of fixation tv ctirbon-ucco^is rAt«rinl ever n

tfjog period of tha ur-.Jiiuni nornally present in sea vater,
\ 

or to the presence of r.n tmufurilXy unoiiferoyo area, vhlch in this

case vowld b<? tho grap.ifcic lijidr.nss that bounded the Cli^ttenoo£^ nca 

on the soutkeast artl jeidth. Cojiant i>r.d SvuiEon (l^^l» ?  75) and 

Sranson (l?Sl t p« 5^) ccneiCer t-Jjat no particular!;/ ur:j.niferous courco 

vas necfies^Yy. They attribute the lover uraniun content of the shale 

in Kentruiry snd othnr statas north of ^cdnessas, vhich &re f^jther 

froo tha chorc^lino th&n the SJ^nnesseo &reas f to the fact tli^t thr 

fomntion is thicker in those arocs than in 2cnncsaee, becanse larger 

cnoTHtB of clastic tsntorial v/ere introduced into the B&»« This cl&stic 

cateri^l acted as a diiuaat and thus reduced the content of  uraniun in 

the present ch^ds, even though tha reducing conditions of the Tenncaeee 

area prer.iiled also in th« oors northern pe-rts of tha soa.
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for a uxvmiferoun oourca urea to the routhoict of t.ho 

Tenneaeeo area nre crffordod by arjilyaea of the black beds of the 

lovelltovn ner.ibftr end thoee of the Gasravsy tiember. The hi/^ie»t ura 

nium content of tbe Do veiltovn member at any Tennessee locality it **3 

ppra et locality C50, the r^rth^rrrjost locality In the tfelden Pidge rr.d 

the only on* in this area at vhich the lover or black Dovclltovs Is 

present; tblc locality vas fairly close to the shoreline. The lower 

Ibvelltovn in the ZACtom Highland Bin containe, generally, 25 to 35 

ppnj nraniun; "but the undivided lovelltovn of the Korthorn Eighland 

Kiot vhich i« a black shale, contains only about 10 pnpa. Aa during 

early Ibwellto*n timo the western part of the iiorthern Highland Mn vas 

partly fcer>ariited iTroa the i&ore ee.»t,^m areaa by the Late Devonian arch 

that has been referred to previously; the low uranitrs content of tee 

shale could represent not only distance froa the shoreline, but a 

cutting off of the ur&niuia surroly by the arch* On the other hand, the 

black thald of the questionable lovelltovn &t locality C64 in Alabasia 

contains 19 ppa ur^muza, and the oth^r ALab&ma localities, nearby drill 

holes C65 a&d C66 V con tola 22+ and 16 ppu roapectively. As the direct 

correlation b«tvean organic arterial pnd uraniio is veil established, 

it is of interest that the lofc~ur&oiiua 2bwalltova at locality C56 in 

the Korthara Hi^iloiid IU^a con^iiii* 10.2 p^rcaat organic isolate, vhere- 

as that at locality C64 ia, AlalMuoa contains only 8.+ percent. At local 

ity C37 naar the eastern edge of the Saithrille area in the Eastern 

Highland £iat ti» urnniua content of tha lover Dowelltovn is 3^> ppa,

percent of or«>nic iriolnto, 17.3 percost. 'Xha organic isolate of
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-unit at locality C^O xtoldb, as utatgd previously* contains 1*3 

xiraniua, haa not "been determined. It will to noted that at the 

localities tha uraniun content, while low as cocpared to that of the 

Bhale in Tenne3Bo« t is conparr^tively high when conparcd to tha on« 

termination of tho or^Taslc isolate. The evidence froa the black beds 

of the Eovelltovn «n«wber cccr^B to chov that cho presence of a uranif- 

erout eo^irce area had en iinportant bearing on the concentration and 

distribution of ursnitca in those beds.



Although ciirin£ Gri9«uivny tlmo tha o^boynonta of Dovolltova 

had coalesced r.nd the barriers to Eovenent of uraniua vcro alnost or 

entirely eliminated, th» evidence la that the uraniferous source crca 

still had floes influence. In Walden Bid^a thft actual tirnnlun content 

of tho G&sssrva-y mcwbev IB tcicon conservatively to "b* about 70 ppaf al 

though the condition of tho drill-hole cores inakea accurate estimates 

difficult. In tho lantern Highland Ha tha content of tho neaberis 

about 60 ppn, in tho richer parts of tho Northern Highland Bim about 

55 P?»« *^Q orsanic isolate content of thrco localities in Valden 

Bidge cvera^ges 22.6 percent, of tvo localities in the Zactern Hi^iland 

Bin 23«2 porcsnti and the content at locality C$6 in tho northern High 

land Rin is 26.3 percent, 3x>r cocraarieon, the Gassavay aezaber at 

locality C6'± in ALaoana contains only 16.7 percent organic isolate, "bat 

bat W* ppo uraniua; and tha northernnost locality  323 in Sentuck^, 

contains from 36 to 39 ppa uraniua, and 15.3 to 21.6 percent organic 

isolate.

The ursniua concent rat ions 07 areas siay be questioned because the 

differences are hardly core than the precision of the analyses. This 

objection is hardly valid, hovevcr, because errors in the analyses are 

compensatory rather than cumulative'. Individual onalysea cay ba cnc3- 

tionsd. but the AVdrag* of a largo aunbar taay be oonsidored reliable.



FTOQ the ovide/ice presented abova it ccen* tafo to Bay that 

comparatively high uranium content of the Ch&ttanco/?* shale in Ifcnnss- 

»eo is due ft.t least in part to the presence of a uraniferoua ftourco 

area to the eoutfceast* /sltbou/^i the irsnortance of fixation of quanti 

ties of tha eleweoat riorr^JLly present in sea vtter over a loas poriod of 

tirae ic not questioned^ the distribution of umniua in the Chattanooga, 

eea eeeas to recuiro a urruiiforous eourco area also* Had no such source 

boen presentt thd uraniua content of the shale vould have been highsst 

in the Horth&m Highland Ida where tho Chnttanoogn oea began to s 

over the Tennessee cnbayment, and vould have boen least in Valden 

vhich vat near tha farthest extent of the sea* Tho opposite is tho 

case (2rcger and Brovn, 1962)*
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re of their possible 'bo^jrir-u on e. hydroth?rr*al source c-T 

of tbo uranium is. th* Ch.-?.tt;*n>oo<Vi Bhule, nation should b* 2ns.ua of 

vein? or fracture fillips ccnt^iniji^ b<iritc, flrarito, £5.101^., cyid 

sphalerite* in th^ Crdovlcian rocirs of the Mashville Basin vhich tt one

rare ov-srleiTi by the shsl«« Cnly ono cuch fcr.tnra in the Cii£tt&~

is Jnowa; it pcnrtrr.toi about 3.5 -^«t into tho lo*.tor part of tha 

shale (V. "S. ik-a^sor., p-^reoral coacriication. 19o2). A study of the 

veins or frncturd j'illlr^a vas nado "by Jcv;sll (194?) t vho conaidorad

tma Y3iri3 cutting through the eeiicsnts froa the ?rac«3brir^: 

vhich, st the one locality in Tsanosssc (in northern Cil«~ 

Co-inty) vhsra it h^3 been penetrated, is cbout 5»?OC fe-st balow the 

curfoco. cTe».-:ell points out that althau£h ha considers the features 

true veins, ths nineral fiascablaggs oro cosson to both veins and frac 

ture filling. In eny cvsnt, the features sra eo snail and scc-tter^d 

that ilk is icpossible to believe that they bad any mterial influence 

on the concentration of uraniun is the Chattanooga shale*
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Effect of veath^rinft on umnlun content of outcrop ac 

The nobility of uraniua in water has Ions boon reco£iiizcd. 

£L*sple of this nobility as effecting the Chattanooga shale is 

of tvo vzrrter ssjsplea tr^cem froa the edit (locality 79 )  vhich was driv 

en into the v^per wit cf tha ^assaVijay nonbcr early in 19#9. Tha last 

round fibot down, froa 95 to 100 foet, vas left on the floor of the 

aditj the shale was well broken, tha largest piecac bein# about the 

size of a csan's hoad, Iho floor vns practically level, so that eome 

vat or ran out during vet seasons, but tha vater accvzailAted in pool? 

during dry seasons. On £6v«aber 11, 1951 'about 22 oonths zftor the 

adit vas completed? water sarrples were taken frost a pool at thd en 

trance, end froa ona at ths face. !Tha entrance oanple contii^ad ?1 

part* per billion uruiiTra, tha f&ce escple, 690 parts per billion 

(analyses by B. Meyrowits, TJ. S. Geological Survey, Kcport no. Ti/C- 

1902). Altbon^h evaporation vas undoubtedly a factor in the Ugh ura 

nium content of the vatar* it is not sufficient to explain tha great 

enrichment of the sanple taken froa near the face where the broken 

shale had been left.
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Tho water ccirploo focuned Attention on a problem encountered Curing 

the early field vox*:, before any drilling had been dono; that of cvr-1- 

uating tho urrjniun content of outcrop sanples, vhich shoved a wider 

ran£9 than had been anticipated. The drilling proerana later showed 

that over considerable areas cores fron holes vhich penetrated the 

Chattanooga shcle balow tho */at*r table vere renailcably unifora in 

uraniun content, this fact providiiVi a basis for rou^h estimates of the 

effects of weathering on tho content of outcrop sarrnles.

The Gassswny n«cibor of the Chattanooga shale is the only neriew or 

tudt for vhich sufficient data ara available for comparisons to be 

»sd«. The shale of this meaber is tou^h and difficult to spjaple, and 

few ccrwles fron outcrops in the Eastern Highland Iiim and ifelden Bid^«- 

contain rock fron aora than 3 or k inches behind the original surface. 

In the Kortham Highland Ida ;jackhaanar* vore used in sasipling, end 

therefore the saaples &re of rock fioaevhat farther behind the original 

 xzrface. In all areas, however, the sanples ere fron a zone in vhich 

vaathering night be expected to hav« «om« effect.
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g field vor.r nowr, vrro rrdt of tin? np »«rent 

s cf the shr.lo sampled, th* rost detailed descriptions 

the co of SVanaen ir.d hin covovkero who vorked cortly tut not entirely 

in the iJorth^rn Hi(;hlrr.d Kin. Swanson (personal coianunicntlon, 1957) 

described r.c "wi&te&thered*1 nr-t only the "bloci^r Bhala of fairly nrv road 

cutf, ^ut &?.?o e.rpdpur«c at vhich the shale erhe>w*d distinct "but not 

prominent mirfr.co cornigationo. Th« de«crirticno rRnred tbrovgh 

 clif.htly weathsred" end M moderr.tely wci'th^rod" to "wec.thered," tho 

cirtinctivo chroT.ct'jrifttic cf "weathered* ex^joanros bein^ tho pro*5«-?ncc 

of paper-thin ItcirAe vhich could he detr.ched easily from the surface. 

In enrmlin/j practice thesa Irjsinsa, vhich do not extend rors thr^i rr* 

inch or so ir.to the rocTr, were discarded rjid the harder rock behind 

sesplod. Esposurea dc&cribad ns "badly vci.thsrsd 11 ero those in vhic& 

the origin*:! s tractors of the red: has disappeared, le^vin^; either a 

eass of ensill flslrea or & soft, cncrphous nass of brownish mtorial. 

7ew of these badly weathered exposures vera isrtpled*

A T«X7 cenarsl idea of tha effect of veatharing on tha tarani-ua con- 

tant of outcrop aamplea aa opposed to drill cor^s can ba gained froa 

the average contents by regions; tha usefulness of these average* , hov- 

arer, is lessened by tha fact that no distinction is t&da between the 

different types of outcrop exposures. Tha differences in all regione 

except Walden Bid£e ara lass than tha precision of tha analyses, 5 pprc; 

but because of tha large number of saoplas 9 and tha fact that analytical 

errors ara compensatory rather than cunuletive, tha avern/^es ara perhaps
____

reliable than an&lysas froa single localities* Tha averages ara
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. Js/arr^c ur.uJ.VJa content of the Cassavr^r r.cator of U r 

Ohattcnoof/i tbilo fron outcrop and drill-hole armies, "by rcvr

'l\h,   Av.' U, r.-n U, ppm

Vostera pert, tfcrthera Highland

 a /%&lf«d Ri«a j 3 !

53.5 5

6

50.0

Uorthsrn part. Extern Ili^hlcad P.ln 16 i
| i

Saithvillc ercat Eastern Ht^hlcnd Elmj 8
i

Scmthflrn part, Sastern lli^iland Elm ilO

2

58.7 i f

52.5

59.9

62.5

Valdsn E 55.8 ! 4 69.2

Total and averr.go 144 53.8 ! 68
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Evaluation of the fig-area for the eastern part of tho No 

Highland Kin and tha northern part of tho Eastern Highland Rin cust 

tcka into consideration facie a changes in the chalo in these areaa, 

More reliable conclusions con be drawn in tha vostern part of the 

Horthern Highland Ki/n, the southern p-.rt of the Eaotcrn Highland Bin, 

end particularly the Enlthvillo area end an area Jlmediataly surround 

ing it, vhich covers cji orc-a of about 2j>0 square niles in vhich the 

most intensive investigation* vere carried on. Tha Walden Fidge area, 

because of the broken condition of the rock in soae drill cores nnd ct 

all outcrops, presents particular problens.

In the Smitfcville area the uranium content of the Gassavsy member 

at 45 drill holes ranges froa 5^ to 66 ppn, tha loveat content bein^ in 

3 cores vhich contain the relatively low-urr_niisa phosphatic song. The 

outcrop localities in tlze Si-zie area for vhich uriiniica analyses within i 

precision of 5 PP3 k^3 hecn nade includa 1 bluff exposure (locality 6^ 

vhich is sosevhat sheltered by en overhanging ledge of Fort Psyne chert 

and vhich contains 53 ppa uraninn; 2 deep hi{^ivay outs vhich vere nev 

vhen t&tapled (localities 68 and 70) end vhich contain 61 and 66 ppa ura 

nlwa respectively; 6 older road cuts (localities 6?t 91« 92, 97, 100, 

and 101), vhich hr.va nraniua contents ranging from 51 to 64 ppa; 3 lars 

vmtarfalls {localities 73, 7^ t and J9)t in vhich tha uranium content is 

35 f J*5* and L\Q ppa respectively; and 3 streaa-oed exposures (localities 

83t 86, and 99) s-t vhich tha uranina contents are 59» 63t and 73 ppm 

respectively. Locality 99  vhich h^s tha anooalously hi^i uranium con*

t»nt of 73 "opot fcas bean discussed in tha preceding section.
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The uraniua content a given fcbove indicate that now, deep highway 

catfi havo a-Dproxifriatfcly the ean« content ns that of the shale at depth, 

but thnt older, shallow rend cuts locally, but not in all casaa, huve 

lo*t «OR« of th^lr uranium. The loss of uranium froa ror.d cuts is more 

prosoiiTiced cratsid-3 of iK'an in the imithville area, oecauae of 35 outcrL*p 

localities in thnt area th.it Wero eaaplod, only about half of the better 

ones vcrc reanalyzed to a precision of 5 Ppn &nd used in this report. 

The one bluff erpoauro in ths Saitfcrillc area hae lost Bone but not a 

great deal of its uraniun, end no loss is apparent at tho streara-bed 

localities*
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In the tforthorn ^i^hlfind liia, outcrop locfilit ica 22 and 306 

florae lot« of urrvnliri:, but the tost nirkod ch-iracteristic ic redistri 

bution of the element toward the botton of the exposureo. Locality 22 

is fc bluff exposure, the overlying rock being the New Providence shale 

vhlch docs not protect the shale ns does the Fort Payne chert in the 

Z^stern Highland ftis, Th<5 hv»r*£a uraniua content at locality 22 is 51 

prva; that of locality C6), a drill hole about a cilo north of the out 

crop, is 55 prsa» tho difference being within the precision of the anal 

yses; but at locality 22 tho upper part of the exposure is depleted as 

coapared to the wore "norml* distribution in the drill hole, vhereas 

the interval 7.50 to 8.95 fest below the top contains 86 ppa uranium, 

by ftr the highest concentration found in tha Northern Hi^ilnnd Sisn* 

locality 3C6 i« nn old road cut, which is described as veathered except 

for the interval 2.0 to 3,0 feet belov the top, which is described at 

badly weathorad. Thia 'badly weathered interval contains 2? ppm nrani- 

123; tha avera^« for the entire exposure is 51 ppm, and there has been 

sooe redistribution toward tha base. Brill hole C62 is about 2.3 air 

line idles 9^Bt*floutheost of the outcrop, and contains 60 ppa uroniim. 

Both the outcrop locality and the drill hole are in an area in which 

the shale is renarkably uniform in thickness and uranium content.
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JLlthou£h weathering undoubtedly has affected the urtiniu^ content. 

of old ro&d cuts and "bluff ezxonurea, the differences r.» conjured to 

nearly drill hal£B ore not Great and it i* unsafe to draw raore than 

qualitative conclusions. la the case of waterfall exposures, which are 

confined lar^ly to tho Zaatern Hi^iland Idn, quantitative concluslona 

con te dr&vn. T^a thrca vatorfalls in tha Ssdthvillo area shov Tiraniu^ 

contents in the Gaasavre^r nentoor rtxslns froa 35 to ^8 ppa in en area, 

vhere the £h^lo t as «hovn by numerous drill holes v contains at depth 

about 60 ppa; the loss thus is 20 percent or c&re, Tho vater rumiog 

over the falls has clearly reaoved cuch of the ursniun fron the shalo, 

probably by oxidizing processes.



The. outcrop cicposuroa in VfalAen fcidge ore rood cuts, <md 

eon of tv;o of the«e exponures v;lth drill holes & nile or letie away is 

instructive. Locality 220 eont&ino 51 PP0 uraniun, vhereas the nar.rby 

drill hold C40 contains 69 ppa. The difference ie even nore narked be- 

tveen locality 221, vhich contains 55 ppa uraniira, nnd nearby drill 

hole W? vbich contains fiO ppn. Throughout this part of Kalden Ri^ge 

the ehalo both at outcrops and in drill cores is more or loss fcrol-ceaj 

it 863D0 obvious that some of tha ur&niua had been removed frcis the 

outcrops by weathering, but the drill cor*» are difficult to interpret, 

/pparently* on the basis of analyses of cores taken farther north in 

the rid^e, the actual ur&niua content of the ehale at depth is about 

70 ppa, tho approxinate content ftt locality C48; but it is possible 

that at locality C^7, the farthest south of the 1/olden Ridge localities 

End the ono in vhich the core is nost broken, there has been soce <*A- 

richssent duo to uraniun-be&rins water noving through the broken rock 

froa tha outcrop to the drill hole, vhich is close enough to the out 

crop for this to ba a raaaon&blo assumption. Certainly tho hi^i urani 

um content (CO ppa) of this core and the distribution of tho elencnt, 

require explanation.

General conclusions that can ba drava froa coup arisen of tha urorii- 

tm content of outcrop sacrplaa with that of drill holes in thd sane 

 ral are* are:
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1. Except in areas of caarkad facies chanson, tho uranium content 

of drill cores taken froa a conaiderc.blo distance bolou Uui ourfaca (a

tone what arbitrary depth of 50 feat- or iiore is eu&jeatod) represents
«r

that of tho ohcile over ureas of several square nilos, Thio is trua 

also of nw higivay cuts conpamble diafcinces below the original siuv 

face.

2. Old road cuts, particularly those not far balow the original 

surfece v nay have loct locally as cuch as 10 percent of their original 

uranium, end locally sone uroniua has been redistributed tovard the bot 

tom of the section. It should be added that at a fcv localities of 

this nature there is evidence of slight enrichzsentt but data are too 

tev for tenable conclusions to be cir&vn.

3« Badly broken outcrops, vhich in the area of this report are 

liiaited to Valdcn Hid^e, probably have lost 10 percent or rx>re of their 

original uranium, and the cores of nearby drill holes possibly have beer. 

enriched to sooa extent.

if. Bluffs protected by overhanging Port P&yne chart apparently 

have lost some, but not a great deal, of their original uranium.

5. Unprotected bluff exposures have lost from as much as 10 per 

cent of their original uranium, and redistribution of the elenent 

toward the base of the section ii~noteworthy.

6* Vat erf all exposures, vhich in the area of this report ara 

confined largely to the Eastern Highland Kin, have lost 20 percent or 

»ore of their original ureniuau
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7. Oa the "basis oC only a fev localities, tftrea/»~bad 

eppeor to have lost little if any of their ur;iniun, *uia locally 

poseibility of ^ricJbwont cannot "bo rulou out.

In general, It eppc«irs that deep drill holea, Bad now deep high 

way cuts, can fe» nsjfti safely for estimating tha uraniua r as our cos of 

the shale over areas of several oqufi.ro nilos, except in Vteldea Rid^e 

vhar« the rocks are badly broken. Old challoy road cut3 end bluff ex

posure 9 thould be used with caution if &t all, and v&terfsU ezp
-A   '- ' \ ^ .-_. » \ 

have loat BO auch uraniua tnat they ^ivo a badly distorted picture of

tha situation*

Uraniua content of tha shalo by jaa&bars and units 

jtotiiaatos of the uranium content of the Chattanooga shale hero 

given are not reserve estinatea in tha usual laoaning of tha tera, partly 

tha uraniua content of tho reel: is too low for the shale to be 

uraniua ore, and partly because, except for tho S^ithville

araa, the data are too scattered for such eotinates to be
_  - / 

On the othor hand, there is sufficient inforuation to show that

thickness end uraniua content of tha ehale are sufficiently uniform 

over large areas to justify core eztr&aolation than ordinarily vould u 

perai9slbl v and thus it is possible to cuke reasonably reliable esti- 

nates of the uraniuu content of the tsnita uid aembert of the shale in 

specified areas.
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provinces for vhich estinaatea are givc«n p.r» th-s 

land Eiw, tha }:ortb«ra Ei/jriiand Kin, the Cumberland Plntoau, and ->*! ! o 

Hdgo, all in Tenneaoea. Because of lade of data on the shale in cer 

tain areas, the portions of each province for vhich astisates are cado 

are limited eoncwhat arbitrarily, BS Bhovn in figure 21. Tho eastern

Figure 21. Sketch cap shovinc; areas for vhich uranium resources arc

"boundary of tho Northern Highland Him is placed along the eastern 

boundary of Clay County, extended southward through Livings ton in Over- 

ton County to the Soaring Hiver line. Estimates for the Korthern High 

land TdQ are United to an area extending an avercge of aoout 15 ailcs 

behind the outcrops, the southern liiait being the southern corner of 

Davids on and Cheathoa Counties. So little is knovn of the shale north 

of this restricted &?aa that estimates would be

138



>j Sketch map Jtarxxhlgk shcvlrj? areas for which 
resource estinAt-* are

Shaded area Is that for which resources estimates 
of the upper unit of the Gassavay xaember 

were made separately.



southern "boundary of tha Eantarn. Highland Rim rind the Cumber-
V ' - ' '

land Plateau is a line drawn north of east from th* Junction of the

Sequatchie and Tcnneeneo Rivers in Jt/irion County to the Zlk JUvor in
*

Franklin County, where it cakes a sharp turn to the west (see fig. 2),

and then acrese tha southern part of Koore County. It has been nocea- 

sary to fix an arbitrary dividing line between tha Eastern Highland Kid 

and the Cumberland Plateau, simplifying the hichly irregular natural

boundary which is usually drawn at the base of the Pennsylvania rocks
*

(cee fig. 2). 7or the purpose* of this report the boundary is consid 

ered as extending from the Roaring Eiver line south of Livingston 

through Cookeville, Sparta, and KcMinnville to the cooznon corner of 

Warren, Orundy, and Coffee Counties, thence through Elk fiiver Lake and 

along tha Klk River to the southern boundary of the two provinces. In 

the Eastern Highland 3dm ad herd redefined the shale nearly everywhere 

is under leas than 300 feet of cover, which would be an important con 

sideration in any dining operations*

Bo estimates are given, because of lack of information, on that 

part of tha Cumberland Plateau north of the 36th parallel of latitude. 

Valdon Rldga is separated from tha Cumberland Plateau proper by 0 con* 

tinuation northeast of the vest side of the Seqnatchie Valley; its 

BOrthern boxindary is the 3&th parallel, its southern boundary the Ten- 

nesses Biv«r in Marion County*

0
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of the uranium content of tho Bbalo are given for 

tho tipper imd lovor units of the Dowelltovn raor.il)er In the SVistcrn 

land ftiu, the Cumbarltoid Pl&teiru, and Wal^en Pldfje; for tho undivided 

Do well town neater in the Northern Highland Ilin; and for tha Gassawny 

neaber in all province*. Although the three units end on« Bub?one of 

the CosB&w/ty rcr^o considercbl^' in their content of nrrJiiua, it is al 

most certain that should th9 shsla ever bd nined for ur^rJLun th« entire 

taember vould be recovered. Thore is, hovsTer, an area in and around 

th« Smithville area in which tha -opper Tmit of the Gassavay nember ie

tmusually hi£h in uraniusi content and is of nincable thicltness; esti-
U 

sates for that &r«&t v/hich ic shovn in figure ^, aro given separately.

The data on urfjiiisa content used in the* estinatee are from table 

9; thickne83*9 used include not only ths localities for vhich analyses 

are given, but other localities for which thicknesn measureraonts. but 

not precise analytical data, have been obtained (see Concnt end Svanson, 

1961, p. 77*63)* Other explanations of the estiisates are:

1« Ikita on the Dovdlltova neaber9 particularly tha upper unit, 

are cooparatively sparse; this reflects tha early de-ciaion that only 

the Gassavay ae&ber had any potential as a source of uraniua.
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2. Eetiinate* of th« uranium content of tbft cK/ile in ti>.o C\W>er- 

land Plateau are br-sed on thr*$ vidoly eepiLratsd drill holes C211, 

C212, wad C^6~all n^ar tha eastern cc&o of the plateau. Ordinarily 

such United info rait ion would not Justify fiay conclusions &a to the 

teneaih the Ilatcau; but tho knov/n "unifonnity of tha rock over 

^e nrenn, -wad th3 fact *h.it tliO thiacnoss r^id uraniwj content of the 

ehnle nt tho Platoau localities nre consistent uith tho thickness and

cont«3r.t of the rock in th<* ^astern Eighlsad Ho and V/aldea 

, r«ko it possiblft to extrapolate data into the Plntoau with imch 

nore Gsnuranca than ordinarily vould "bo the case.

3. All s^Tffpl^d lociilitics in Vftlden Jlid^e are in the vest flank 

of the ri<i£*. «ad interpretations of grade are aonevhat difficalt Ct?- 

oauee of th^ condition of all outcrops and sons of tha cores. Tlis ex 

trapolation of data beneath thd entire rid^a ia th3rcfore soaawbat 

quasti enable.



7he only specific gravity dot^rnin/ttiono n*ide on thr) eh^la Are on 

Iron crill halo C15 in the i>cJ.thvillo Area, (toialyeea "by Collin

, U. S. Gool. Survey, 1952, Tfc'C 272?). Ttesa deterainAtions £ivo 

specific gravities nt that locality of 2.3^ for the Gaasawoy neaiber of 

the chads, 2,42 /or the lower unit of the Dowelltov?n oetToer, and 2. £3 

for the upper urJ.t of tha Etowelliouxu Hieso dotcrmin.itions ara coABi^ 

ered to be faix-ly rtrprtsaiitativtJ of toa shale in Icancseee, though ad- 

dition&H data would ke desirable. In thic report, estls^taa o 

contents are bas«a en specific gravitiee of 2.3 for tho G£.ss&vcy 

2.Ak for the lover ZbyellvO<*n, and. 2*5 for the upper Sowalltovm* The 

2.3 specific (gravity fi^uro for tiid G&si&w&y is that used "cy ICelai (1955, 

p. 26-27) &nd Conant and Svioison (196l v p* 7C) t&s^d en a l&rg 

of Jolley b-^lanca determinations. iloLn calculated thut a bed of 

having a specific gravity of 2.3, 1 foot thick Ana containizg 10 ppn 

uranium, has a >arFjii\in content in 1 cquare mile of 20 tons of me tall ic 

uranium. Abed of the earaa *isev tiiickneia, and uranittn content of the 

lover unit of the Dovelltovn ae2ibert or of the undivided Dowelltovn 

ceober9 follovicg the fiaica calculations, contains 21 tons of urani'ua, 

vhereas thd upper Zbvdlltova, for the aaae aised bed containing the 

ease UTsniun content, vould have 22 tons of uranitcB. Theee figure* are 

those used in preparing the estinatas.



Bocauoe of the siatare and spacing of the data tha etti/ic.to9 of 

urenlun in th-3 ohnle connot "be considered precise end no attempt hzm 

been iis.de to r^ikc then so. Hot only io the urrnium content of the 

ehdlc in each ares, rounded, "but tho average thicknesses are rounded to 

the nearest foot, ana the trofts underlain "by the thale in the countioa 

vithin the provinces are, except for the Saithvillo area, refunded to 

the nearest 5 e qua re idLles. occa minor adjustnants have "boon nade to 

tslce card of tha KTSoum depletion of ureriixna nt vr.terfall erpcfcres and 

soma other localities. In surK*ary, althoiic-h the estimates are not pre 

cise, they tre of the correct order of Magnitude, cxnd ere efficiently 

accurate to provide & usable foundation for future work.

Do well town laeuiber 

Lovor unit

The lover unit of the Dowelltovn Ecaber is present throughoat raach 

of the Eastern Hi/^aland Eizat core than half of tha Cumberland Plateeu 

as here redefined, and in the northern part of Walden Siege; it under 

lies about 3,000 square miles in the ar«a» for which astis&tea are 

Bade. The analytical d&ta used includes analyses cf tha shal« from 

23 localities in the £tsdthville area* 2 localities in tho northern part 

of the Eastern Ei^iland £iu( 9 localities in tha southern part of tha 

last era Highland £iuv 2 localities in tha Cumberland KL&t«au» and 3

localities in Valdea Kitige. 2atiaates of tha ur&niun content of the
It 

in tha 4 provinces are given in table ^5.



Table 5a. Xstiwatod ursuu\*aa rouourceu of lov^r unit of tho

necber of tho Chattanooga shale, "by provinces tnd counties

Area or county
Average

Average Ebtinat^d 
U ! tons U 

content! per sq. 
(ppjo) i ndle

Sq. nilcai Total 
underlain] urcniun 
by unit f (ton*)"1 /

~>;.3tf*rn Eirhlar.d Fin

Saithville area:

Oasscvny quadrangle

Szaithville quadrangle

Sligo Bridge quadrangle

Total* Srnitnvilld f*-rwt

Overton County

Jackson County

I*utnnia County

Smith County

D$£alb County 2/

Vhite County %J

Cannon County 2/

Varren County

Coffee County

Total Saatern

5

6

6

3

3

3

6

6

4

7

5

6

j^,.

35

31

31

i

15

15

15

20

30

30

30

30

30

rm^-m

355

390

190

95

95

95

250

  385

250

440

315

190

m. rm

26

55

49

130

30

60

190

15

80

140

130

230

205

1.210

9,000

21,000

19,000

49,000

3.coo

6,cco

18.CC0

4,000

31,000

35,000

57,000

73,000

So. coo

35^.000
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Tnble £$.  Estimate uranium resources of lover unit of tho

of tho Chattanooga thgla, "by provinces and countico   Contirruo*A

Cwnb crl and Plateau

White County

Varrcn County

Coff eo County

Grundy County

Ven Buren County

Soqu&tchie County

Blcdsoe CoTinty

Owaberlcnd County

Total Cinbcrlnnd 
Plat ?^u

2

6

5

3

3

2

2

2

25

30

30

25

25

25

25

25

105

3B5

315

155

160

105

105

105

190

210

70

180

225

100

140

250

1.365

20,000

Bl.OCO

22,CCO

23.CCD

36.0CO

ll.OCO

15,000

26,000

239. W

C$hld Ti Ridjge

Cumberland County

Bledsoe County

Total Valden Ritl^e

Total, lover unit
Gaasnvry r.^moer

2

1

_^

35

30

_JB1

170

<5

^^^

135

120

255

2.8^0

23>eoo

8,000

31.««»

626. COO

I/
Bounded to neaToSt 1 V CCO tone.

Excluding part of county in Saithville area.



Upper unit 

?he upper unit of tk* Dovelltova xaeaber is overyvbere thicker

then the lover unit, and extend* considerably farther to the eouth and
JL f̂ y 

touthftast (0*9 f i*8. 7 and 0). Halativa2y little analytical data on

the unit hava been obtained; sr-inples amlyzed include those from 20 

localities in the S»ithvilla area, 1 locality in tha northern part of 

the Zaotern Highland rdmr 2 loctlities in the Coiaberland Plateau, 

4 localities in Valdon Bidge. The ranee of uraniun content of all 

apples ranees from 8 to 13 ppm, and the averse for each area i* 

10 ppm. In the esttwates in taWa ^ this crcrc^a contend of 10 

i« as«iimed to be applicable to tha ttnit in all areas.



9*-

Tobla 2^. Eatinfitod turaAiun resources of uppor unit of the

member of tha Chattanooga ohale, "by provinces and counties

Area or county
Averse

thickness
(feet)

U**"

content
tons U
per eq.

(p)W) 1 nils

Sq. rdlea
underlain

TotrJ.
ureniua

by ^nit i (tans; I/

Eastern. HijfchlanA. Kin

Snithrille ar&a

Chrerton County

Jackson County

«utn22B County

Smith County

Xte£&lfe County 2/

White County 2/

Cennon County 2/

Warren County

Coffee Cotinty

Tranklin County 

Moore County

Total Zast«m 
HijdilA3id I^ia

9

2

3

6

5

9

8

9

9

9

2

10

10

10

10

10

10

10

10

10

10

10 

10

210

45

65 .

130

110

2CO

175

200

200

200

00

130

30

60

190

15

80

140

130

230

305

100

l.< 

27,00$

l.flDO

4,CO)

25,000

2,000

16.0CC

25,000

26,000

46,000

61.CCO

4,000 

2,000

239.009

Cunborlmd Plateau

White County

Warren County

Coffee County

Omn^jr County

8 -

9

8

8

10

10

10

10

175

190

175

175

190

210

70

350

33.000

40.COO

12.CCO

6l,CCO
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/ ;-
. Estimated uranium resources of tip^c-r wilt of" the 

of tJno Chattnr.oo/r1. shale, ly province* end cour.sics 

Van Buren Coraty

y^snJclin Cr/isnty

Marion County

SequAtcMc Ccunty

BledBoo County

Ctrabsrland County

?otd Cumberland 
P3 nt eau,

8

2

2

6

6

7

10

10

10

10

10

?0

175

^5

^5

120

130

3<5

255

100

160

135

180

r«o

1.9^0

k$ t g>DD

4t OC70

7,coc

IS » COO

23,GC?0

39.D2«?

252,000

Cnmfcerland County

Bledso* CotTsty

Bh«a County

SftJRistchio Ccnznty

Eeailtoa County

Marion County

Sbtel VUd«a Wfes

Total, i^pcr xmit
rowslltovn r-^r«'b'?r

8

a

7

^
2

2

_

10

10

10

10

1C

10

175

175

155

90
fy£

li- 1̂

135

120

120

75

So
j*5

S7S

"^ C<1 Q

».cw
21,005

19, coo

7.CC0

l:.00^

2.000

77.000

596, CW

I/
to nearest 1,000 tons. 

£xcludiag port of county in onitlxrilla area,



Uadiridod oeaber

JUwilyticnl cs veil na thickness c/ita on the undivided Dovelltown 

nenber, which is linitad to the Northern Highland rdn ea redefined for 

thic report, firs corjparatively oparse. Thd member vas Bearored et all 

of the 11 drill holes in ths Northern Highland Eiu, but Bc/npleg fro« 

only 5 of thaaa localitioa vcre finalyscd. Thus, the available 

is limited to theso 5 cbrill holes and 3 outcrops. Because of

limitationa the catiiruites of the uraniun content of the undivided
/^ 

Dowc-lltown ncaber as given in table 2£ reflect nore "educated

than those for eny other province* even including the Cumberland 

Plateau. The scarcity of data IB particularly applicable to estimator 

of tha thickness of the caiabcr; the uraninzn content follows a fairly 

distinct regional pattern*
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/3
Table 12. Estimated uraaiua resources o(f tho undivided Dowelltown

of tho Chattanooga siialo in tho Iforthsrn Highland Rin

County
i

Cheathara

I&vidBon

Robert con

Sunaer

Macon

Clcy

Jackson

Overton 

Total

^vera^e 
thidcnens 
(feet)

0

12

12

12

8

4

4

*»

 

Averse 
U content 

(^)

10

10

10

10

12

15

15

15

 

£stiraated
tons T?er 
so. Dilo

170

250

250

250

200

125

125

125

 

Sc. nil e3 
 underlain 
by r-onber

110

eo
160

260
105

150

55

105

1.105

To sal 
urrjii-un 
(tons) \J

19 t 000

20,000

^0,000

65,000

37,000

19tOCC

7,000

13,000

22(0, C00

i/
Bounded to nearest l.CCO tons,
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In *Hjniiiry t the total ur;jiiirn content of tho Dovellto^-n wffiar in 

the area shown in figure ?3 ie estimated et l t W*,C 0 tons, divided na 

follovei

Lower unit , £o veil town neater .............. £26,000 tone

Ujr?er ur.it, Lcwalltovr. ncnber .............. 595, OCO tens

TJhAivi ded Dovell tova r.cmber ............... 22g?,e>00 tons

Totnl Bourtlltovn ncnbcr .................... l,^^f,CCO tons

Gaaesvoy nember

Data on the urnniuia content of the Cassawsy ncnber of the Chatta 

nooga shale include analyses of tha shale fron 69 drill holes end v? 

outcrop localities in tho areas in Tennessee for which estiiaates #\ra 

made* !3ie distribution of tha points of information, by provinces, 

follows i

or  nrcvlnce Drill hol^Q Qutcro-cg lotfil locilitig!!

Sodthville area ' Wf 8 52

Eastern Highland Bin, outeida
of Ssiitix7ille area _ JL ' 27 *&

Total, 2a«tern Highland 3io 51 35 86

Cunbarl&nd Plateau 30 3

Valdan Pidga .4 ^ 8

Borthara Highland Ha 11 8 19

Total* "69 4? 116

The localities used In estinzitir-g the ureaitca content of tha shale
* * 

are shown on figures 2 and 3; esticatea of tha ursnitm content are
11

in table ^.
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Table VI.   Es3I«ftte<i uranium resourcos cf th« fiftsenvc;'

and

o

Area or county Thickness
(feat)

Averse
U

content
(ppw)

Estirnzitedi
tons U
 >3fjr cq.
nilo

Sq. ciler Totril
undarlni^J ura»iura
by ncr/oori (ton.:) "I/

Snithville area:

Gassavay qa&dr«uv?le

Snithville eruadriii^lo

Sligo Brid^o q-uadraaele 

TotP-1 Snithville erea

Orerton County

Jack«on Ccusty

Putnan County

Smith County

DeEalb County 2f

Vhite Couaty 2j

Cannoa County 2/

Varren County

Coffee County

Bedford Co<uxty

Koore County

TranSdin County

Total Zostara. 
Eiehland Bia

12

W

16

_

16

16

16

16

13

16

1ft

18

13

13 ^

1ft

8

 

59

60

60

_

ft2

^5

55

55

60

60

57

62

59

6ft

6ft

60

~

1.410

1.680

1.920

1.3W>

l.W*0

1,760

1,760

1,560

1,920

1.596

2.232

1.52ft

1.66ft

1.792

960

  

26

55

49

l*ft

30

60

1«0

15

80

ifto

130
230
305

25

20

80

I.ft35

37.000

92^CGD

Qt* s QDO

ZZL&0Q

fto.coc

&6,QM

3$k,oo$

26f OCC

125, ccc

259. occ

207, c^o

5i3,oco

if68,OCO

42.0CO

36.0CO

77&QD

Z&£&®
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Table I?. - £stin.ited uranium resources of the Gas&avr.y norr^cr of thr>

shale, "by provinces and counties Continued

Vhite County

Varren County

Coffca County

Franklin County

Karion County

Cruady County

Ten Buren County

Sequatchie County

Bledsoa County

Ctaaberlund County

Total Cuaberlcnd
Plnt££U

11

16

14

8

10

17

13

14

12

18

 

62

66

59

60

60

60

62

60

60

55

 

1.364

2,112

1,652

960

1,200

2,040

1,612

1,680

1,440

l.»*0

   

150

210

70

140

210

360

255

110

140

?*Q

259, cco

444.CCO

116, COD

134, OGO

252, cco

734,000

321. COO

185,000

201.000

tifX.OO®

1.915 ! 3.l4l.m/5

Valdan

Cumberland County

Bledsoa County

Ttboa County

Stqoatchie County

Eudlton County

Marion County

Total Valdea Fites

20

13

13

13

10

10

 

70

65

65

65

60

60

__

2»680

1,820

1,820

1,820

1,200

1.200

-r ^- _ ^ -r

135

120

120

75

90

7?

< ">

362, OCO

218.000

218,000

137.0CO

103,CCO

90.0OO

1 . 133 . OOG
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Table 13.  £:.tiryjt<Hl u'Aviium rcnourcen of the Gassavny nerobar of 

Chattar-oogn shulc, by provinces and counties Continued

TA Rloi

Cheathan County

Davicison County

Robert con Co'-mty

Sujaner County

Kacon County

Clcy County

Jackson County

Overt on County

Total Northern 
Hi^hl-and film

Grcnd total

8

12

12

12

13

14

15

15

i

53

60

56

55

50

53

46

4Z

_

848

1,440

1,3^4

1.320

1,300

1,484

1.330

1.260

___ I

110

80

160

260

105

150

55
"Ml

?..?-/#

5.&9di

93.000

115,000

215, COD

334,00ft

241, OCC

223.CCC?

79.00C

132. ROO

IM22..&&&

@.Ut2.QQ&

i/
Bounded to nearest 1,000 tons.

part of county within Scdthville area.



Upper unit of the GnuoawRy cento or in part of the

Eastern Eif&lwid -Kin

It has been ctated previously that tho three units and one oub  

*ono of the Gassavay meaber differ considerably in their uranium con 

tent. Vhera the units can bo die tarnished throughout the Eastern 

Highland Kin and tfco Cumberland Plateau the hichost uraniua concent na 

tion is in the upper unit, except vhera the phosphatic zone is pres 

ent; the next highest is in tha lower unit, the lowest in tho Eiddle 

unit. Vhere the phosphatic zone ie present at the top of the Gass&vay 

ncaber not only is the uranium content of the shale in that zone con 

siderably lees than in the underlying unit, but tho upper unit itself, 

belov the phosphatic sone, is also depleted* This condition con be 

tmderctood by study of the analyses given in table 9«
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The BOUthorn limit of the phosphatio zone in tha £".ttern Hi 

Him e» here reotrictcd is ep^roxirat^ly the 36th pnrtllel of latitude, 

which is also the northern boundary of the Snilhville area extended 

eastward. South of this lino the upper unit of the Gassavay usenbe-r 

contains frora 72 to 80 jvrca uroniua, 20 to 33 parcent core th'tn the 

evcnico content of the vhol<? Gansavny nenber in the saue area. Except 

in the veetcm part of the Snithville aren, where it thino to nn aver- 

*ee of 4.6 f^et, the unit averages about 5.5 feot thick, though it 

varies locally from 3 to 7 feet. Despite the comparative thinness of 

the bed for mining, luid the differences in thickness from pluce to 

place, the relatively hi£h urrjiiua content juctif ies an estimate of the 

uraniun contwit of the unit where the concentration is highest, in the. 

Eastern Highlimd Bin in Warren, Coffee, and Cannon Counties, and those

parts of DfiHalb and White Counties south of the 36th parallel of lati-/5" 

tudt. These estimates are given in table /&.
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Table 1^. E3tiKwtcd urar»iua resource* of the upper unit of the

of tlia Chattanooc* ohalo in part of the 

&x»torn Highland Bin, Tennessee

Area or cour.x-y

Smithville area:

Q^savsy q^dr^la

Smithville oiiadranfile

Sligo Bridge quadrangle 

Total Smithville area

White County 2/

DeK&lh County 2/

Cannon County 2/

Warren County

Coffee County

(feet)

*.6

5.5

5.6

 

5.5

5.5

5-5

5.5

5.5

  

Average 
U

content 
\pl?in)

7^

79

79

 

72

80

75

75

75

 

Zstinated 
tons U 
per sq. 
mile

681

869

585

  

792

1.040

825

625

£25

   

Sq. niles 
underlain 

07 
unit

26

55
i-9

130

BO

1*0

130

230

305

915

11

Total

18.0CO

^8 f CCD

V*.*00

1C9.CC0

63 t 000

^2,CC#

107 tOc&

190.CCO

252.000

763,000

I/
2/

Boundsd to the nearest 1,000 tons.

Excluding parts of the county vlthin tha Ssithrilla area.
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Eatn. on which tha oatiroatea are baoed includo l& drill holen 

8 outcrops in tho Sr.lthvillo ar^ft, 1 drill hnlo nnd 5 outcror>a in Can 

non County, 2 drill holon and 4 outcrops in Coffee Comity, end 1 drill 

hole in Varren County; the total is ^8 drill holes and 17 outcrops. tfo 

data arc available for Vhite find ItaKalb Counties outside the Sslthville- 

area, but infornation can reaaily bs extrapolated. Although the ^.-per 

unit of the C-assawsy racnber at the one locality in Warren County i& 

6.5 feet, this drill hole probably entered an unusually thick section^ 

end the average thickness for the county is estimated as 5.5 feet, in 

line with that of surrounding areas.

Ihe Chattanooga shale as a uraniua resource

Under present conditions no part of the Chattanooga shalo can be 

considered as uranium ore because of the lev concentrations of the 

element. Tha generally accepted lower grade cut-off for tha deposits 

in tha Colorado Plateau and elsevhere is about 0.1 percent uraniua, 

about 125 tines the content of the richest part of the shale. There 

fore, under the classification of McKelYey end others (1961) the shale 

mist be considered a potential marginal or subnarginal resource of 

tcraniun.
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he dividing lino tctvocn marginal and subttWgintl r«ource£»,

in tha case of rocke such no tho Ciuitrtcnoo^a tin arbitrary on^, 

is here drawn at a uraniun concentration in the reel: of 50 ppa, about 

20 likuo tb6 cnistal ntojidsjice of tho element. Under thio clase 

tion tho Gass.v.ay iKjpober, except for a coo»pc.r;*iivoly amp.il arec. in 

Jackeon and Ovorton Counties in tha eastern p&rt of the Northern 

land Bin and the northern part of tha Eastern Hi£hlcnd liin, is consid 

ered a potential laargin&l resource. Ix>th units of the Dovelltowi cer- 

"ber, and th© imdividcd nemo or, are classed ee potential subearginal 

recourcaa.

Th* spacing of data la such that only the Gassawsy neaher in the 

Smithville area cun b*i considered a knovn potential narginsJ. reso'iircc: 

thic area conttdna about 223$CCO tons of uraniun in an area of 130 

square tailed* A case can he nado for considering the Gas&away in tte.£ 

Zastern Highland Hia south of th* S^ithvillo arca spproximately the 

area for which estinatsa of the uraniua content of tha upper unit of 

the GaGsavoy vere saada as "being also a knovn potential resource. 

JMthou^i the points of inforaation ara mostly along the Ria outcrop, 

the demonstrated uniformity of the shale throughout the area night 

Justify such a classification* If this be accepted, the Gaesavay mt-i>- 

tar in that area contains about"2 Billion tons of potential knovn 

resources of uraniua. Vith sosevhat leas Justification the Cassava? 

aember in tha western part of the Northern Highland Him, which contains

about 1.200,000 tons of uranium, might also be considered & known

potential resource.
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of tb« ccfxrcity of dr. I a tho G-t-.ctavcy Benb«r in tho 

land Plateau met be conaidsrcd an undiscovered potential rcar^iiuOL re 

source*. In Wklden £id£« the situation is complicated by the broken 

condition of ths rock and the conseojient  uncertainty about the actual 

content of the shale behind the outcrops and drill holes, which ura 

in the western flank of the ridige; it therefore eeess safer to cl 

the shale in that area ae en undiscovered potential narginal resource.

Although E»st of the discussion of uranium resources, and all of 

the estinates are linitod to ITennesoee, parts of southern Kentucky cay 

contain uraniua in quantities comparable to those in the northern Hitrb 

land Bia. Also, it is possible that the Alobana embaycent nay be c. 

richer source of uraniua than tho reconnaiegance studies Hade to data 

indicate.

Uraniun in the K&ury shale

Although the ureniua content of the Haury shale 1& too low to fee 

Of econonio value, analyses of that rock are of some interest for com 

parison with analyses of the underlying Chattanooga ehale. Equivalent 

tirejiiua and chemical uraniua analyses of the Maury f ron all the holes 

drilled during tha 1953 drilling progrea are given in table 17. Most 

of tha analyses of shale froa outcrops vere cada ear^r in tha program 

and are not as precise as those of tha cores; as they would hava only 

United valua4 they ara not given.
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Tho urcaiujn content of tho Krmry shc.lo r«n£oa f ron 2 or 3 

approximately tho crustcl fjmndance of tho clement to about 30 

and, in ono sample from locality C52 in tha northern pitrt of the lant 

ern Highland Kira, ^7 ppn. Tfce averse is on the order of 10 to 12 

The few localities that sfcov urur.iuilly high ur*-.niua contents pr 

contain black shale that occurs locally in tho Kaury e.o logged, bu4 

which nkiy actually rcj^rosect cuall-acide intcrf in^erin^ between tha

 upper tuiit of the Gass&way Deraber of tho Chattanooga tmd the J^ury*

Tho uraniua content of tho tyoicitl £rceniGh teury claystono ie ever/-
/# 

where low. Analyses are given in tr*ble ^.

Thoriua content of the Chattanooga ehale end the ifcury shale 

During tha Survey^ field investigations of tha Chattanooga shale 

thoriusa v^is of little interest as a source material, and analyses for 

that element were laborious and tir-e-consuning* The Survey labora 

tories, however, did considerable vork on inproved nsthods of thoriun 

analysie (Griaaldi and othars, 195^ )  «id in the »U3uner of 1951 a snail

 tttcfcr of thoriun-bearing areas was begun. All of the areas investi 

gated, except tha Donasite deposits of the southeast Atlantic coastal 

plain, were in the western states.

Olia only recorded analysis of the Chattanooga shale for thorium 

daring this period v&s cade by Adorns and others (1958) of a sacple cf 

tha upper unit of the Gassavay aecber, which contained 6.1 to 8.2 pro? 

thoriun and 7^ to 78 ppn uraniua when analysed by two different methods. 

The locality fron which the saapla was taken is not stated, but in all

probability was aither tha adit (locality 79) or outcrop locality 99.
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Table l£. Equivalent uranium and uranium content of tho 1/vjry cfcalo

(Anrdycta: Cansca hoy, Joseph ludinaky, J. J. ;;<irr t Jocai i>:;dth,

Zthel Hacbuey, Kary Joslyn, Slcjicho Ic^raa, Carncn Eoy, ?--ir/se

Delevoux, .-Mice Ca^-Tnarer, Audrey Pietech, Audrey Saith, B. A.

McCall, r.nd J. H. Coo do)

Locality

Cl

C2

C3

spc*

C6

C7

C9

CIO

Cll

C12

C13

C14

C15

C16

017

^hicl-cnoas 
(feet) .

1-57

1.^

1.43

1.77

1.^*8

1.01

l.*O

1.92

1.65

1.3^

1.51

2.07   '

2.05

.1.60

2.26

laboratory
-- > »

Srithville /irer*

111J&2

108859

108889

108916

111123

111152

U16W>

11U80

111207

111236

111265

111671-
112317

1142*49

113223
162

.

/'jialyoeD,
*.

0.005

: .004

! .004

i .003
I

.004

.006

.004
 
\

.004

.003

.003

.004

.003
;

.004 i

.003

.003
,

Tcrccnt
U

0.0024

.0004

.0013

.occs

.0011

.0030

.0009

.0018

.0007

.0003

.CC23

.0007

.0010

.0005

.0007



. Equivalent uraniurj i-.n<J ur.iniun content of tbo 

Itary ehalo Cocitim»id

CIS 2.26 ' 111697 0.003
; i

C19 j 1.80

C20 

C21

C22

C23

C24

025

C26

C27

C28

C29

030

031

C32

C33

C34

C35

036

C37

2.27 

2.03

2.28

2.50

2.41

2.25

2.92

2.54

3.20.

3.90

2.45

1.97

2.C8

3.10

3.43

3.19

3.06

1.35

112191

112167 

112217

111724

112248

113271

112759

112736

112432

112833

113242

113190

114169

114175

112480

142458

112502

112815

114181
i

.004

.C04

.003

.003

.004

.004

.004

.003

.004

.004

.003

.004

.006

.004

.003

.003

.063

.003

.004

0.0002

.0015

.0021 

.0009

.0088

.0009

.0004

.0015

.OC08

.con

.0005

.0005

.0015

.0028

.0016

.0003

.0004

.0020

.OOC8

.0018
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Table  oraniun and ur^lus content of tho 

Ghil e *Cost inund

C3C 

C39

1.23 

3.77 

2.93

Unweighted

11^187 

114193

0.005

.003

O.CC24 

.0006

Eastern Highland Hi® gonth of Smithvillc «.rea

C45

tfevei^bted

3.57

2.53 

2.45

.95

2.38

11^261 

11^267 

11^273

115873

.003

.002

.003

.0005 

.occ^ 

.0015

.003 .0011

Curtertaud Plateau

0«i6 l.**2 1150^ ;' .00^

Eastern Hl/thland ^ira north of S^

.002)

rithville are?.

C51

C52

Unweighted 
ay*rfi£8

1.30 

2.17

1.74

117623

117730

.003

.008

.066

.0011

.00^7

,0029

Ridge

<&7

ttd

C49
C50

2.71

2.5^

2.57
2i.70

. 115779

115C60

114279
116749

.003

.002

.003

.flttl

.0013

.CCC4

.0003

.0007
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Table

Unweighted

-.nt uraniu.M t.nd unir.iu.-a content of 

Kauiy chair  Continaed

Uavei^hted 
»vera£*»

C53

C54

C55

C56

C57

C58

C59

C6o

C61

C62

Unweighted
KVttX*

C64
i

C65 ;
f

C66

2.63

1.10

1.61

1.63

.80

1.00

.30

.33

2.75

3.27

.SB

1-17

4.60

6.10

2.24

forth em Highland Jttn

115861

115735

115687

115054

115G82

115866

115751

116544

116549 \

11^764

Blount County. Ala^aca

120216

j 120190

  120206

0.003

.co5

.003

.003

.004

.003

,004 :

.003

.003

.003

r«r>'»

.003

.004

.on*

O.C7007

.C030

.0015

.coo£

.0013

.0020

.OC1S

.OC02

.0007

.0006

.0022

. 14

.0005

.0014
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In the Bu/fc*TC»r of 29^9 tho Oak Rid£«- Jfy-tior-al Laboratory

from the Survey in preparing ^n eatinate of the thoriun ro- 

sources of the Nation, end in connection with thio request the Survey 

laboratories analysed sr^jples of the Chattanooga shale froa 9 drill 

holes. The locrJ-ities included one in the Uorthorn Highland Him 

4 in tho Astern Hi^Hla^id Jtiu (C^l, C;i2 t C37, and C&4; only tho 

vay raem'ber at locality C31 and the Dovelltoun nenber at locality 

vere analyzed); one locality (C1 :^) in the Cumberland Plateau; 2 lociiii- 

ties in Valden Rid£e (C&9 «nd C50); and one locality in 31ount County, 

Alabasja. Locations of these drill holes Land a sucaary of the dat&j/ 

ere given in ficuro 22; corrolete analytical data are ^ven in table &

Figure 22. Sketch nap shoving localities analyzed for thorira, and 

thorium content by nembers and "units.

vhich shows also, for purposes of comparison, the uraniua content of 

the caae sanples. Analyses of the thoriua content of the Kaury shalt 

at three localities are also given.
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n
Table i?,.« Thorliia r.nd iircniurn contents of Bfurolos of Chatter./) G£.'A

and Horary fcreation

(Thorium p.nalyst?c by B. Koore, A. Cac?ran>ererv L. Jenkins, Sana Caapbell,

and J. J. V&rr)

if ni t J
Laboratory i Tboriun 

(feet) 1 (---n)

C56-1

C56-2

-2 

Total and averzi/te 

C56-3

^j

-5

Total nnd average

M

Cs

Gz

07,

D3

J>2

3)2

115^5^

115055

115056

115057

115058

115059

1.42

6. CO

3.67

9.67

5.00

5.00

3.15

13.15

11.5

e.fc
7.9

B.2

10.0

10.5

11.5

13

5^

_-&

^
12

8

9
i

10.5 I 1C

Highland Ela

. C51-12. 13

-21

-31

Total end i»-Yer?.Ee

C52-51

-52

Total and sver^ffe

Gu

Ga

Gl

G

m

Dl

m

11762^-5

117626

117627

117738

"117739

10.13

2.7^

*K02

16.69

6.91

6.15

13.C6

6.8

9.3

8.8

7.6

9.8

9.6

0.7

57

38

 K)

50

n.a. 2/

'r..r..

n.a.
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1e. Thoriun rait? urnniurj coriteitt of r/^ploe of ChattiUiOo t'y* 

end Kaury fo mat Ion Contirmod

C37-2

-3

-4

Total and average

C37-5

C37-6

<&4-2

-3

-4

Ibt&l end average

tfA-5

CW^6

Ou

Ga

Gl

0

a\

7TL

Gu

Ga

Gl

. 0

!>1

m

11^102

1141G3

ll^lW

11>;135

11^1^6

114274

114275

114276

114277

114278

6.60

3.01

7.62

17.43

11.50

5.11

6.64

1.97

6.19

i4.ro

9.25

5.41

8.4

10.0

9.7

9.2

12.0

1C.O

7.2

7.7

7.5

7.4

10.0

o.O

66

33

57

57

12

34

85

40

2^3

fa

10

 35

1

C46-2

-3

-4

Total and average

046-5

C46-6

Ou

03

Gl

G

Xhi

Dl

115049

115050

115051

115C52

115053

5.18

2.27

8.95

16.40

9.63

6.16

6.0

9.6

7.2

7.?

10.5

9.4

84

58

57

66

10

?0

Xalden

C49-1 » i 114279 2.57 I 13.0 3
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!*>.   T urrnlna contcntB of ennplos of CmUrmoo;? 

end Kaury formation   Continued

C49-11

-21

-31

-32

-33

Total and average

WMH

C50-1

050-12. 13

-21

-31. 32

Total and average

C50-41

-42

Total and average

050-51

-52

Total and arera^e

OT

Gup

Cu

Oa

01

0

Da

K

Cu

(ha

Gl

G

Da

Da

Da

m
m

UA*0

1142B1

114232

114E83

114284

114235

115769

115770-1

115772

115773-4

115775

115776

115777

115778

4*00

4.00

5.^0

1.72

2.05

17.97

6.46

2.70

10.41

1.87

6.76

21,04

5.C6

5.95

11.01

1.50

1.34

2.84

15.0

11.0

8.5

10.5

11.0

11.1

12.5

12.0

8.7

11.5

12.0

10.3

12.0

14.0

13.1

9.5

10.5

10.0

29

38

92

61

6Z

&

11

?

73

57

60

70

9

6

8

41

45

43
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17
Tcble 3^. Thorium and uraniua contents cf saarploa of Chattanooga

and IVrury for:a.it ion Continued

* 
*t County.. Aln.'hnr;**

06^-12

-13

" -1^

Total and average

C64-15

-16

Total nnd r.vorr.no

Gz

Qz

G3

Gs

D2f

2)3?

Bz?

12C217

12C213

12021?

120220

120121

3.75

3.76

fc.*A

11,95

5.08

2.32

7JfO

7.8

0.6

a. 6
0.4

11.0

9.8

10.6

40

 *6

#5

44.

17

?i>

79

JSxplanation of unit symbols: Gu, upper unit, Gassa-rf^y mszber; 

pbosph^tic zone, upper \inlt, GP.Ssavvey menber; Gu?, -unit of doubt 

ful correlation (locp-lity C^9); Ca, niddle unit, GaE&avray meaber; 

Olt lower unit, Gaasavay inenber; Gz, undivided Gassavay neaber; 

Du, ^pper unit, Dowelltovn menber; Ed, lover tmit, Dovelltovn 

member; Dz, undivided Dovelltovn cienber. 

ecnples not analysed for ursniua*
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Except for thoriua mirerr-lo in ronidual ocdinents, such no 

«ite, most of the thoriun in tho sedimentary cycle ia precipitated in 

tho argillaceous eedinsnta (Goldcchndct, 1955, P. *K31)* Unlike urnni- 

tcn, thoriun far.;? no affinity for carbonaceous caterinl, and tho contents 

of the two slcLKsntc in the Chattt.noo t̂ a shale ohov a genarally ir.versa 

correlBticn. The thoriira content io hi^host (10 to 13 ppm) in the 

upper unit of tho Dowelltovn coaber, which has the lowest (about 10 ppm) 

uraniua content; this unit contains CJB much or core thoriira than uraai- 

ma. On the other hand, the Gassavay nciober, which contains about 6C pp® 

ttranium over nuch of the area discussed in thia report, contains only 7 

to 9 ppn thoriua. Aa. exception ia Waldaa Ridge, where the content at 

two localities is 10 and 11 ppn respectively.
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Tho rreiczvil c*istriUitir>n of thoriun, lik* tti.it of rasy other 

trace elc.-nontn in thi Chtttar.oofyi chale, la rcrarfcably uniform. This 

uniformity «v£g?j*ts that most of the thoriun in in. tha clay nincraJLB, 

which nre disscr.inafced throughout all unite of the thale; in that con 

nection the aar^araeively high thori'.ta content of tho argillaceous 

Uoury ehalo it> of interest, Tho ecrcovhat hi^hor thoriua content of th© 

ca shclo in Valden Kidge than oloevhoro isay be diie to en in

creased aaount of detritcl material in tbit area, perhaps because of
C 

closeness to tho chnra lino. Howevar* at locality M in Al&bsca v vhich

also close to tho shore line, tha thoriun content of the shale is 

approximately the sane as that in th9 Eastern and Horthem IliGhlcnd 

Biaa. Mention sho'ild nlso ba nade of tha hi^h (15 ppa) thoriua content 

of the rjioaalous upper 4 feet of tha Gassavey nesber et locality C4£ in 

Valden Mdge. 1MB carnls, as shown by both study of the core and 

chemical analyses, is no re argillaceous than the underlying beds con 

taining less thorium.
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On the bi^ic of scattered da'u.r», it Bp^gaiys that tho 

bor of tha Chattanooga eh&lc in WUloen Kii;<;e cont?Jtns 10 to 11 *j?prv 

thoriun and in othor parts of Tennessee covered by this study, 7 to 9 

ppsu In the fir.,-:* area the lov^r unit of the Ibvelltovn eaaber And the 

undivided ara:-ker ccntM.i about 10 p^ca thorit:iif and the upper tinit of 

tho J)ovolltew?» r»eynl?er cont^ir:3 10 to 12 p'>n. Thoae fi/:ure» corpars vith 

eetinatcs of 11.jj ppn for thori^a in oedincnts (Goldschinidt, 1955, p. 

75) and 10.5 ppra thoriiri in ch^aes (Coldachaidt, 1955, p. ^31). ^-^s 

the thoriira content of tho Chnttancoca shale is npproxinately tha same 

as the averafre for sedinents cud shales,

?he thorira content of the Chattanooga shale is too lov for tho 

rock to be considered an ore; the lowest concentration currently bcia^ 

considered for processing ia about *fO ppa (George Phair, U. £. Geologi 

cal Survey, end Keith 3. Brown, Oak Kidge Kational Laboratories, per- 

eonal coaauni cat ions, 1959); this is the content of the Convay granite 

of JTev Haispshire over considerable areas and thicknesses* The thoriiazj 

in the Chattanooga shale zaust be considered, therefore, as a potential 

flubmrglcAl resource.

Zatiisates of the thoriua content of the Chattanooga shale in the

areas for which uraniua contents are estiaated, which are highly ten-
/<? 

tatire because of the vide spacing of the data, are given in table 17.
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Ts.blo :£?.  BTstinntca of Iho thoriua content of tho dhattancogTi ohalo, 

by nenbera, units, i:nd physiographic provinces

Sort hern IJl^hlaad Kin

Zectcrn I

Cuiiberland Platesa

Valden Hidgc

Total

or 7

Ibvolltovn 

Cas u&vey

Upper I>ovolltovn 

Lover Dovolltcun

Upper Dawelltown 

Lover Dowolltovn 

Gas savrey

Tapper Ihwelltova 

Lover Dovelltovn

t'v^riun

200t OOO 

2CO.CCO

300,000 

2^0,000 

130,CCO 

^00,000

300,000

80,000

200,000

00,000

10,000

2,2*fO,OCO



the f J^ures in tablo 1^', th/j G^9?AV7iy »e.Vbor In the 

area for vMch rrscmrc^s are estimated contains about 1,100,000 tons of 

thoriua; the- xr\r>cr unit of the Xbwelltown neabor contains about 620,000 

tons; the lower usit of the Dovelltown acaber contains about 220t CCO 

tonsi and tha tirtdiTided Zbvolltovn ner^ber contains nbout 200,000 tcno.

^'i-olitic oil yic-ld of the shale

The Chcittomoo^ chrJLe docs not contain oil aa such, and thus ic 

not a Bonrcs bed for petroleum Tho oil yiold of the shale is obtained 

ty pyrolieis frora the herocen in tho roc.*c, kero/jen being defined es 

that organic Eaterial that yields volatile hydrocarbons vhea subjected 

to destructive distillation. Kerogen includes various types of organic 

matter, the principal onea being cspropelic material, froa vhich cost 

of the oil yield is derived, and huaic or woody material (Svaneon, 

p. 6, 22).
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The first recorded tests of tho Chattanooga ch#.lc aj;d itt» ccr- 

relatlvea nc possible courcfca of oil vera a-ide by the Kentucky Geologi 

cal Surrey between 1920 iwxd 1925* The tests were cade on hand oanplea 

that w«re not clearly representative of the shale as a vholo, ojid the 

resxilta rcjwrtqd appear, in the li^ht of Inter work, to be high by & 

factor of afcout I. Jterirj; the Survey's investi^.tions of ths Cliatta- 

nooga ehale oil yields were detemined on samples froa 31 locnlitioaj 

3 in Kentucky, 1 in the Cunberl&nd Plateau* Tennessee; 5 in ths North 

ern Hi£^hland Rin of Tennessee; 19 in the Zaatorn Highland fiin, Tennos- 

cee, 2 in '.^alden Pid^e f Tennessee, and 1 in Blount County, Alabama. 

These localities, vith tho oil yields in gallons per ton of the

vay nenber and of the lover unit of the Gassavcy Eeaber^ar* shovn in 

figure 23.

£ri6ur«.-23« Hap chovins localities for vhich oil yield has been de 

termined, and oil yield by nensbera and units.

*B-
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of th, black urJtn of thd chatty, U(lal6 

yield oil in

ton; for the «tlr. tckaMB of a   

th. « 10 to U aaion, per ton. ^Bfly tet. on 

itio,. vhich bar. a. cre

of .11 on to* .hale, t^on froa table 18 and froa Swa 

(I960, w,i. l, 1B civea ln tablfl ^. ^ of thg

*7 th. nodif led nschor asca7 ccthod escept tho 8, 

«9. 056. ^ C6, ( Oe8 table ^, uMoh were 

netl»a (^ttitta. 1953 ) vhich £ives rgmt 

cosplate M. those obtained b7 the Tischer £Ssayg.
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aii

"f.1. P«v"5v3T2»;^p^
firm'-, »^.,. J". " " J) 'on 

U<^PU, ©icia^g

'



to

«av*7

ber)

or

end frons Svancon (i960, table 1) 

o,. radividcd Oa9SQVay neabdr . Ctt,

, a, total. G, , D3>

dickncss per ton
Oas r\nd Organic

loss isolate
[ nprcffft*} (percent}

 ^   M 1  ..

4

  

_

i 1-5
I
1 6-16

_..: 17-19

10.25
22.00

6. SO

-   

02

02

ru

      - ....,

14.0
i

7.5

J_10.4

7.0

7.6

7.8

"-" i

2.6

1.7

1.2

i
; a-a. if
i
; n.a.

r> -A
»^^^_^_?>. Qt

Total ? 1.8 n.a.

12 1-5

6-8

9-12

To^al and avera^s

323 A

3

0

10.00

6.00

8.00

24.00

5.00

12.00

Ga

Gs

G2

12.6

8.2

9.4

4.1

3.7

4.1t

0 10.4 ! 4.0

Gf

08

10.5

6.0

13.00 ! Oz 3.8

2.6

2.5

n.a.

n.a.

2.9 n.a.i

2.7 n.a.

j12.3 '  '

11.7

4.1

4.0

21.6

16.7
,

16.3 .9 15.3

Total average 30.00 2.7 16.9
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Table ^. Oil yi<?ld of tho Chattanooga ateila, Burr.^rized frou table Eh 

r_nd fron Swanson (i960, table 1) Co-tiniod

73 llb-16 ! 11.66

21-22 i 2,B4

Cu

Ca
t i

31-34 ' 7.oi   a?.

11.6

5.6

n.4

7.9

50

2.0

1.0

n.a.

n.a.
i

5.8 ( 1.8 ' 73.^.

Total and average i 21, ii

51-53 5.59

S;»jl kJ^il.l£ a<r&?.,

037 2

3

6.60

3.01

» » ^> fiLO
£> / » VP *

Total and cvsre^a 17.U'i _

077

5
6

12-1*

21-22

11.50

5.11

5-B5

2.50

31-3^ ' 7.10

^otsl and avar*v:a i 15.45

78

*;l-k5 ' 9.61

^i 1^11 OA ^Q ^ 
t=r^L-L^JL f * ^ i%C* "« 3**

Bl ' 10.6 3.4 '  .?, ; rue.

East dm Rljfklaad Rin, T«»ac3»M

Gu

Om

Gl

0

8.6

3-3

8.9 3.4 i 29.3

4,6 1.6 13. C
i

10.2 ; ^.B 3.2 23.B

B.I i 6.K- ! 3.0 2V.1

IM ! 2.6 : 4.6 1.1 ' 5.9

31 7.^ ' 5.5 1.6 17.3

Cu

On

Gl

11.8

5.0

9.7

. 
^.3 3.6 n.a.

3.1 1.3 n.a.

3.1 2.4 '  n.a.

fl ! 9.7 ' 3.6 2.5 1 r..a.

^^ j " 0 ^ 3.B ' .2 ! -r..«.
} , i 1

£« CO iC *?/! i TT1 *L W O O IL 1 £<   '

12-15 6.70

21-22 i 3*35

31-35 7.90

^ctal find £Y$iw:« 17. °5

Qu

Ca

2.2

Traca

Gl ! 8.6

i ,.   i 
W.9 2.*> i n.a.

3.C i 1.1 n.a.

R.I ' 2.."- ': n.n.

G   ^.6 ' 1C. 9 ?.2 ' n.r.

51-54 &.£C   3SL Traca , 10^ ; .2 ; n.a.
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Table S/.  Gil yiold of thd Ch^tt&nooca ehale, Buj-aaoirized froa 

  and jTron Svar.eon (i960, table 1) Continued

87 12-14 1 5-12
i

21-22 : 2.65

Gu

Gn

3>.-35 B,*ft> ' 01

9.7

4.7

e.?

6.5

7.7

7.4

1.4

.4

1.0

n.a.

n.a.

n.a*

Total anr

92

L J"lXT .*^ ^ ̂   *" ^

51-54

12-15

21

11-11

16.50 :

6.47

6.94 i

1.97 ;
j

G

31

Gu

On

Gl

0.3

10.0

7.4

4.1

7.6

7.2

4.6

6.4

5.5

6.6

1.0 ; n./i.

1.1 : n.a.

22 innf.*ftf | ZIrCt.

1

.0 i n.&.

2.3 : n.a.

Total and. 6.4 2.1

C93

51-51

12-14

21

11-11

*Hy\^«»1 AV*/3 «T».^1»B fA

6.10 : m

6.20

1.10

7.00

Gu

Gin

Gl
(

ik in ' fi

5.1

9.1

7.9

12.5

7.7

2.8

2.1

2.5

tn *7 1 o X

!

1.1 n.s.

2.2

2.4

1.7

 y o.

n.a.

n.r,.

r..a.

C94

41-44

51-54

12-15

21

n-15

j P. t>0 2u
1 

6.^)

5.CO

1.35

7.65

31

Ou

0=

01

1.2

9.0

10.3

- 7.9

11.6

2.8

1.2

2.1

1.7

2.2

.6

2.1

1.6

.7

2.5

n. n.

n a

n.a.

n.a.

n.a.

! , i ' « i I ;Total «nd ^Tar-**--* i 1^.00   G '10.8 j 2.1 ! 2.0 ' n-a.

I»l-^5 | 0.60 5 TM i 1.1 T.4 1 .8   n.r..

i ' ; ! i ;
51-51 ! 5.*5 ' m 10.1 ! 2.5 ! 2.2 n.a.
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££> /<s
Table I*?. Oil jriold of tha Chattanooga Bbale, sumariead from table £D

And froB Svanaon (I9&>t table 1) Continued 

_______Southern..part...of ^-astern Highland

cfj 65'

Total end

101

Total *n4

107

Total and

C42

Total and

12-15

21-22

31-32

fi*?d*^ j*"*ft

51-52

12-15

21

3i-»*^4

. RVST? It®

51-54

12-13

a-22
^1-33

c-rer-i^a

51-54

2

3

4

I average

6.33

3.67

3.37

13.42

2.48

6.02

1.22

6.11

13.35

7.33

4.22

2.75

5.81

12.78

7.B1

6.50

1.66

9.99

18.35

Ou

Gn

' 01

0

HL

Gu

Gsa

01
_ 
0

n

Gu

Ga

(Jl

0

a*

Gu

fe-

C-l

a

6.3

13.3

11.7

9.6

12.3

7.1

9-1

10.1

8.7

4.1

5.9

1.5

5.3

4.7

5.9

4.5

4.0

5.2

4.8

11.7

6.8

6.1

9.0

4.3

5.2

4.1

4.1

4.6

7.4

5-9

7.1

6.4

6.3

5.4

7.2

2.9

3.6

4.3

1.7

2.0

.6

1.5

.0

2.2

1.9

2.6

2.3

1.5

4.1

1.2

2.6

2.9

1.3

.9

2.8

3.1

2.3

n.«.

n.a.

,n.a.

n.a.

n. a.

n.a.

n.a.

n.a.

^

n.a.

n.a.

n.a.

n.n.

n.a.

28.6

15.9

?0.4

22.3
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2.0

In addition to the uawples listed in table 2%, pyrolitic oil 

haa been determined on tv;o cample* of coaly material froa the tipper 

part of the undivided Gascavey nenber Bt locality 203B in the northern 

Highland ^im; the uranivua content of these samples has been discus Bed 

previously. Thecfi cacplcs contain 130 end 250 ppn uranium, and have 

pyrolitio oil yields of 37.k £&£ 18.3 callons per ton respectively 

(Svanson, 1961, table 1). Soth the uranium content end the oil yield 

are 2 to 5 tinea greater than those of the total shale in the area, but 

the oil yield and the uranium content in the two samples have an iz>» 

verse relationship. 2he high-uranium sample hae an oil yield about 

half that of the low-uranium sample, end the sample having the high oil 

yield has a uraniua content about half that of the lov oil-yield cardie.

Included in tha Fischer assays are determination of the specific

gravity of the oil; a sunznary of these determinations is given in table
*/
26. Tor nany localities the record ia not conplete, and for some sao*

pies the amount of oil obtained vas insufficient for determinations of 

specific gravity to be cade; the figures given, however, are eufficien> 

ly accurate for estimates of regional and vertical differences in the 

specific gravity of the oil.
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Z4. Specific gravity of oil, find oil yield, of Chattanooga
/<> 

Iocalltie3, cirMArisfed from table 16 and from Svanson (i960, table 1)

Locality
Oil from 

0<£3.5?£vp.7 rffrb^r
Oil from lower imit 
.Davalltcv.'n mrndv^r

5i?. ^r. ; 4als/tcn I Sp. *r. ^i^ls/i-on

'tentaclcy

4

12

323

1

0.904

.904

.979

9.1

10.4 

5.9

!

     

  

-  

Northern KipM?Jid Kin. ?enns3«e«

16

22
.893

.917

27 ' .907

5-7

8.6

6.1

     

      

n1m-r

.  

  

^_ ,

Torthsm ^part 1%a3tem Hirfil«nd Bin. Term ess a*

58

60

64

7^

.931

.926

.924

.918

9.2

8.9

9.5

11.1

0.908

  

.907

.905

1.5

 

8.2

10.6

Sir.ithrilla area, 2ast«rn Hi/Aland Fin. Tfinaesse*

C77

92

C94

.922

.918

.915

9.7 .

7.0

10.8*

.908

.895

.895

8.2

5.1

10.?
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Table <?$. Specific ^rarity of oil, and oil yield, of Chattnzu5Ok~i
/? 

localities, scunmariaed from table IS and fron Swanaon

^0, table 1) Continued

^nth^rn i>.«.rt K&storn I?ighl£?.n4 Rin. T-3nno3s«e

101

C42

10?

118

0.903

.909

.894

,.°^

8.7

4.8

4.7

8.7

0.886

  

 875

_.» »

4.1

  

5.9

mmmuL

Or^berlond Plr.tfisu. ?-?nnessee

C211 .933 8.2  
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i»can specific gravity of oil obtained fron the Qaasoway
2./

at tho localities included in table 29 is 0.916, and thet frora the 

lover omit of the Itowelltavn ffanber is 0.900. In both the Gassewsy and 

Itovelltov/n members in tn* fcantern Hi^oland Ria the epecifio {gi'avity of 

the oil shows an increase from aouth to north; but in the Hurt hern High 

land Kin and £t localities 4 end 12 in Kentucl^ it i3 lovor than in the 

Eastern Hi^hlcnd Hin. At locality 3^3 in Eentuc!c>-f however, the cpssif- 

ic gravity of th« oil ie much higher than elsewhere 0.979. This 

locality is in tho Hew Albany rather thun the Chatt&nooga ehale, find in 

addition is about ^0 nilea north and northwest of the nearest other 

localities, b end 12. Althou£& it ie known that the character of the
x£/(.'?. ""-,. »-

chnle chsn^ss £S one c^-? northward into Kentucky, this ^reat increase 

in the specific gravity of the oil at locality 323 has not been ex 

plained*

Effect of weathering on oil yield

Of the 31 localities for which the pyrolitic oil yield of the 

Chattanooga shale has b*en detdrained, 12 are drill holes and one- 

locality 12 is a deep cut for a dan foundation which, because of the 

depth at which the shale was entered, is here considered equivalent to 

a drill hole. As is the case with the uranium content of the shale, 

the oil yield of core sanples cay be. assuasd to represent that of the 

mweathered shale for considerable distances around the holes. The oil 

yltfld of outcrop samples, however, like the nraniua content, hat un 

questionably been affeoted by weathering processes*
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The oil yield of the shale in Walden Iddge and Alabama ie so lev 

that no comparisons can be drawn as to the effects of weathering on 

outcrop cawpleo. In other areas, however, despite the scattered data, 

fairly reliable eoaparinons can "be made between the oil yield of cores 

and that of saai^le-j -fron outcrops of different typca; the data avail 

able include determinations fron 7 drill holes (considering locality 12 

as a drill hole); 1 waterfall locality; 2 stroas-bed localities; 3 

bluff exposures; and 11 road cuts.

A most striking ezanple of loss of oil yield at an outcrop is 

locality 78 in the Saithville area. £his locality ia an abandoned 

highway cut gouged into a steep hillside* and the present outcrop ie 

nowhere core than 20 to 30 feet behind the outcrop before the road was 

cut. It is about 1^0 feet fron the adit (locality 79), which supplied 

* clue es to conditions- that ai/*ht be expected in the cut; and it is 

0.3 nile south of drill ho Jo C?7 f which affords a valid comparison*

In driving th* adit the first rounds vere drilled without water, 

and it was noticed that for the first 30 feet or so the dust was black 

and dry; behind that point, however, the dust was brownish in color and 

BOtiotably greasy. Ko determinations of oil yield were cade on adit 

s*aple*j but at locality 78 the oil yield of the upper unit of the G&s- 

fe&vey (in which the adit was driven) vas 2.2 gallons per ton, and of the 

entire Oassaway nenber, 4.6 gallons per ton. At the nearby drill hole 

C7?» bovsver, the oil yield of tho Cassavay vas 9.7 gallons per ton 

which* on tha b&aia of tha yield froa other hales in the sz=& £ 

ar*a, ffi^y be considered representative.
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Conps/rlEon of tho ascnya from loc.illtins 78 and C77 focused atten 

tion on tha relationship between tha oil yield cad vater yield as shovr. 

"by the Flscher aasnyc, and the oil-vator ratios. For the Cassavay ncn- 

ber nt locality 7B tho water yield v&s 10.2 edlona por ton, ths oil- 

water ratio, 0.^; but at locality C77, the vator yield vas only 3.6 

gallons per ten, tha oil~v:vtor ratio, 2.70. It cppoaro from these 

figures that the oil-vnter ratios in shale czizples ccui "bo used as a 

giiida to the effect of weathering of the rock on its oil yield. Such
£2.

data ore given in table 2S. f vhich shova the oil yield and oil-vatar 

ratios froa ssnplss froni drill-holes and different typos of outcrop

exposures, by regions. Averages are given for localities in the north-
paci 0i £hf frulery) 

ern Jlighlr^id Ida, the only area 'for which Bufficient data are

for averages to have finy meaning.
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fcable £1. Gil yield tuid oil-water ratio of oaiaples of the 

noaber of the Chattanooga ehale, "by regions and type of locality. 

Data cuiranrised froa table

Locality 
no.

QrttK
* yy

hole* U^t^rrfhll Streaa "bed Bluff &>r,.i cut
4 ^ / ' A ^ A 3 A B A i;

Kentucky

4

12

.  

10.4

  

2.6

 

  

    

     

 

 
 

 
9.1 1.21

  ,  

Horthera Highland Bia

16

22

27

 

 

.   .

 

   

 

 

 

  

    

   .-

     

 

 
 

 

 
 

 

8.6

  

 

1.41
_

I 
5.6 0.93

   

6.3 0.72

Cumberland Plat ecu.

0211 8.2 3.04           ^^^^_ I ^..^^^ 

*

Bbrthsrn part, Zastern Highland Bia

58

60

6k

66

73

037

C77

.  

  

  

  

  

8.1

9.7

  

 

  

1.26

  

  

  

  

11.1

,-n-j.

2.70    1

     

    ̂

     

    

1.60

  

 

 
 
 

 
~-M.

 

 
 
 

 

J_ -

  

   .

9r5

 

 

_~_
I

 
1.70

 

 

,  

9.2

7.9

5.2

  .

1.59

1.03

 

C.77

 

,____ * ______
i imm_-, \ ___ _ __ _ _ ; ^^
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T&ble £l.~>Uil yield <ind oil-vnter ratio of ttsnplea of the Ganeavzgr

maabor of the Chattanooga abaio, by regions and type of locality.
20 

Data ouranarieed fron table 19 Continued.

78

67

63

92

093

094 

101

  

~

10.7

10.8

!

    

5.14

4.21

i

 

 
 

  i

J
t

 

 

 
 

V

 

 

9.6

 

.

 

 

1.07

 

-

 

8.3

  

  

!

  

1.15

 

 

 

: 
(

fc.6

 

7.0

_-

  » 

8.7

0.42

  

1.C9

1.89

Average i 9.8 ! 3.30 ! 11.1) 1.60 | 9.6 1 1.07! 8.9 1 1.4^7.1 ' 1.13
i   .' : ...

Southern part, Zaetarn Highland Kin

107

C42

113 

118

,   .

4.8

I

1.12

  .

.  

 

-  

.  

  .

.  

6.8 i 
i

   |  
'

0.78
:

___

 -M.

1

4.7 j 0.75
1

3.9 ! 0.76
1 
i

i/
A   Oil yield, s&llona per ton. 

B s Oil-wstar ratio.
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Both the oil yields and the oil-water ratios show a considerable 

range at localities of the unae general type. As one excaple, drill 

hole 037 contulna on unusually thick middle unit* and the low yield of 

that unit lovers the yield of the total Gaaoavay appreciably. Eae three 

bluff exposures--two sheltered by tho Port ?»yno, the other not so 

sheltered  ahow only szaall differences in oil yield end oil-vater 

ratios, althoTi£ht as has been mentioned, thsy differ nuch nore vidsly

in uraniua content. Of the road cuts* localities 27 in the Northern
and 

Highland Kin^ 66 in the Zastern Highland Bin are obviously weathered,

but the other road cuts do not appear to hare suffered ouch weathering. 

Taking these variations into consideration, and assuming that the 

drill-hole samples are unweatheredy it is clear that all outcrop ex* 

posures have acquired Bone combined vster, but that the bluff exposures, 

the one waterfall exposure, and the one streaza-bed exposure in the 

northern part of the 2a*tera Highland Bin, h&re lost but little of 

their oil yield* However, at least a majority of the road cuts hare 

not only acquired additional water, but hare lost appreciable percent* 

ages of their oil yi*ld«
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The oboervations eoovo apply particularly to localities k wid 12 

in Kentucky, tha Ubrthern Hifihland Bin, and the northern part of the 

Zastern Ei.^hlcnd Rira. In tha southern part of the Zr.Btem Highland   

Ein, where tho oil yield of the Chattanooga drops sharply, the lov

oil-vat or ratios aro £Cfl>evhat misleading because of that fact* A3 the
1,0 

figures in tible 1£ chov, the actual water yield of sasples from that

arc* is approximately tho sane as that of samples taken farther north, 

and the ratio represents costly the lower oil yield. The situation at 

locality 323 in Kentucky, vhich is not shown in the table, is unusual. 

The upper 5 f*«t or BO is en abandoned quarry that, when saapled wa* 

fresh; tha oil yield froa the quarry camples was 10.5 callons per toa, 

thd oil-water ratio, 0.83. The lower part of the exposure, vhich is 

described es deeply weathered, is 25 feet thick, in a road cut and 

stream bed; it has an oil yield of 5*0 gallons per ton, and an oil- 

water ratio of 0.40. Thus the oil yield of 5,9 gallons per ton, and 

the oil-water ratio of 0*43 for the entire soction is somewhat idslead- 

ing.
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In the discussion of mroniun loes at outcrop cipoturec (p« ? ) it 

VOB ehovn that tho heavient loss up to at out 20 percent vaa at water 

fall expocrores* -Ms loss is attributed primarily to vater running 

over the falls, removing tone of the uranium rjid redistributing cone 

of the rera&iadcr t&i/ard the bottca of the erpocure. Although core pro 

found veathering proceseeB Liay entfcr into the loss, they apparently RTO 

of fcinor i^ortanco. jfe regsrde oil-yield IOBS, however, the situation 

ie different. The oil-yield from locality 73 is the highest of all the 

localities studied, and the oil-water ratio is corjparativaly high* in 

dicating the shale ie net deeply ve^thsred* The reason prob&bly is 

that at exposures such as locality ?3 the outcrop is being cut back 

continually; any weathered rock falls into the talus pile at the bot 

tom, and only fresh shale is carried*

Stream bed exposures* on the basis of comparatively f ev localities 

studied, appear to have lost little uraniun and little of their oil 

yield. Except for locality 83, which it now covered by the raters of 

the Center Hill Heservoir, the ctrean-bed localities are on relatively 

steep slopes, and are being cut back fairly rapidly, at least in terns 

of geologic time; there also nay be a certain amount of case-hardening, 

as most of the streams are intermittent. All of the bluff exposures 

follow joint surfaces; vater runs over thea intermittently, and there 

is visual evidence of a one case-hardening.
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Of tha road cuts listed in tnbla Z£, localities 16, 107, and 58 

are deep cuts, fairly new whan sampled. Locality 101 follows a proni- 

nent Joint, this rescabling a bluff exposure. The other cuts are in 

general rruch like locality 73 in that they are cut into the eidea of 

eteep hills, and thn present outcrop is not far behind the original 

outcrop of the shale* At cuch places weathering processes have been 

able to operate forfci&c&dea qf[ centuries, and to extend a considerable 

distance behind the original outcrop at least 30 or core feet as evi 

denced by conditions at the adit (locality 79). Probably the first ef 

fect was the absorption of water by the cloy minerals in the shalev 

followed by actual loss of kerogen content which was carried off ac 

bicarbonate by the alkaline waters fron the overlying linestones pas*~ 

ing over and through the rock* The degree of weathering, and the deptl 

to which it extended* differs fron one locality to another that visual 

ly Is almost identical; an exaople is locality 92, which is elsost 

identical with locality 78 in appearance and situation; yet the oil 

yield and the oil-vater ratio at locality 92 are nuch higher than at 

locality 7^* Despite local differences, however, the general precise 

probably is valid.
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The discussion abovo has toon United to the Gaosawny n-ioiber of 

the shale. The oil yield of the upper £ray unit of the I>ok.'olltotm 

aeraber at the 4 drill holes from which sxsples wore analyzed ranges

1.2 to 3.1 gallons por ten, the oil-watar ratio from 0./*3 to 

1.29, No outcrop sa.7ty>l&s of the upper Dowolltown were analysed. 

The oil yield and oil-viter ratios of samples frcn the lowsr black 

unit of tho Dovfelltot.n nerabir, as shovm by the figures in table 20, 

are gensr.illy comparable to those of the Gassa\/ay zaenber at the 

same localities.

Figure 24, Relation between water yield and oil-water ratio of 

Chattanoora shale sanples

figure 24 shows the relation between the water yield and the 

oil-water ratio in samples from drill holes and outcrops. Only the 

black parts of the eh ale - the G^ssaway menber and the upper unit of 

the Dowelltown member - are shown in the firure. Samples of the 

gray upper Dowolltown are not include ?£, partly because of the 

sc-ircity of dita and partly because of the extreaely low oil yield 

of that unit.
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Potential of tho Chattanooga siyilc as A source of oil 

Ifcitn on the oil yield of the Chnttr-noo£a ehale ar« sparse 

scattered when ccnpcred to that on uraniun content of the Bhala, and 

loo« of yield in tlu? ehalc fron certain outcrop localities i« leas cor«- 

siatent »J>d therefore Lore difficult to evaluate than loss of uraniua 

content. The estiraitfs £*van herein, therefore, are rough estiaatee 

only, "based on such dLi.ta as are c^-ailaole.
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JU though the shale at SOBC localities ha» a Jischer ftbsty oil yield 

of 10 to 11 gallons per ton, it appears that this yield ifi not applica 

ble to any unit of thd shale over large areas* Taking the generally 

used if unofficlal cutoff point of 10 gallons per ton for marginal re 

sources in rocks ruch &s the Chattanooga, it folla^s that tho oil yield 

of even tha richest portions of the shale snist be considered a suJbraar- 

final potential resource. J'urther, the yield of the upper unit of the 

Eovelltovn neater 0.5 to 3«1 gallons per ten on the basis of as&sys 

from 7 drill holes is too lov to be placed in even that lov category, 

and is not included in the estiEstes. The sane is true of the entire 

formation in the Walden KLdge area, vhere the oil yield of tha entire 

Chattanooga falls vithin the 0.5 to 3-1 gallon range. The shale in the 

Cumberland Plateau is also excluded because of lack of data; unlike the 

uranium content« *nich appears to follow a regular pattern between the 

Eastern Highland Kin and Valddn Mdgev the oil yield of the shale drops 

so rapidly froa vest to east that no tenable estimate for that region 

is possible. Thus tha resource estimates include only the northern and 

Eastern Highland £ias, as defined for estioates of uraniua resources 

and ehovn in figure 21 . One change, hoverer, has been made; in the 

southern part of the 2ast«rn Highland Eia tha oil yield of the Gassavay 

usaber ia particular drops rather sharply south of tha Saithrill* area,

and for that reason tho yield in Varrcn, Coffee, Bedford, and Xoore
* 

Counties (sea fig* 2} Is separated from that in tha aora northerly

parts of ..the Pip.. This regional pattern of oil yield, vhich is not the 
sane as tn* ^s**  of yraniua content, is discussad nore fully in tiia 

section.
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;S».  Zstinated potential oil yield of tha Chattanooga shale 

in the northern and Zastern Highland Rins, Tennessee.

Aver-

Area

Sq. nilcsi thick-] Tons of 
\ind3rlnin noss

2et. oilI Gallons Barrelc

nilliono)(rlllior.3)

Lover unit Dovelltown member, and undivided Eovelltovn member

fibrthern
Highland Ria

IT. part
Eastern High 
land Rim

S. part 
Eastern High 
land Fda

Total
Dovalltovn

Oasaavay nember

Highland Bin 1.105 i 12

part
Zaatern High 
land Bin

8. part 
Xaattrn High 
land Bl«

523.600 I 12 t *K>0

Soundtd to nearect 100 Billion*
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delation betveen organic cat or Id, urcnlun content, end oil

The uranius content of the Chattanooga shale is related directly 

to the percentega of organic naterlal in the rock, and the oil yield 

it derircd fro.'a the cane constituent. VIthin this general condition, 

ho wore rt there nra icrportnnt differences.

It has bean shown (fi^. 20) that the ar&niuza content of the shale 

is in general directly proportional to the total esount of organic 

catftrial in the rock, as expressed by the organic isolate* A compara 

ble diagram (fig. 2$) in vhich the oil yield in gallons per ton is

figure 25* Diagraa shoving relationship between organic isolate and 

oil yield of the Chattanooga shale*

plotted &£&inst the total organic isolate in percent, and in vhich ths 

Gftssavay aezaber and the lover unit of the Xfcvelltova oeaber are differ 

entiated by pattern, shovs a randoa pattern for the Oassavay ee&ber but, 

considering the snail sasple, a fairly good correlation for the lover 

unit of the Dovelltovn. The upper unit of the Dovelltovn, vhich is 

rery lov in both uranius content and oil yield, is not included.



o
 :

,j£

3 ~\

0

3

L
..

i

0\
i 

yi
el

d,
 q

a
t^

n

-^
 -

x
o
 

I 
r

er

b



A* the oil yield of the Chattanooca shale, particularly that of 

the Gassawny nember, cnnnot be correlated except in a most general v^y 

vith the total oaount of organic naterial, it follows that it oust be 

derived frcra sorae type of cuch Eatter. It has long been known that the 

sapropelic fraction of the organic mterial, cormosed of opores, cuti 

cles, and related Kriterials, yields core oil than hunic or woody matter 

(Francis, 1961, p. 18>1£8; £heicsen, 1925}. So far as is known no at- 

tempt has been nade, czcept possibly on a very email scale, to ec~rc-» 

^ate phj'sically the different typas of orcnaio natter in the Chatta 

nooga 3hal*; but en indax of the proportion of flapropelic sasterial in 

the rock acy be gained fron the hydrogen content of the organic isoluto, 

which is higher in sapropelic naterial than in huoio natter (Vhite3 

1908, p. 310). As the Chattanooga shale contains both sapropelic and 

hunio catter the differences in the hydrogen content are not great, but 

are sufficient to fora a basis for ralid conclusions.
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on tho percent of orcanic isolate, the lydro^en content of tbo

organic m&tter, tho oil yield, &nd tho uranium content of the thale oro
^f 

Civen in tt^le £j>, vhich chews that the hydrogen content of the organic

icolate tnd consequently the proportion of ecpropelic natter in the 

rock, varies both vortically asions isc^borB end units of tho ehale, and 

regionally. Vertically, the hydrogen content of the organic isolates 

is soaevhat higher in the lover unit of the Dovelltovn member and the 

lover unit of the Cassavay nenber than in the niddla end upper units of 

the Gass&vsy. However, data on the lower unit of the Dovelltovn are 

ecant and additional analyses eight change the picture*
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Table 23. Ihta on oil yiold end uranium content of eazrolea 

Ch&tt&nooga chale in Tenneflsed end adjoining ctales

of

locality
end 

enmplo 
no.

32>A

323-B

323-C

C56-A

C56-3

16-A

16-3

*6-0

P37-2

037-3

C37-4

C37-5

C37-6

0&2-2

<*2-3

C42-4
2/

W-33

end
Unit ?/

Cz

Gx

62

15

Ox

0,

Os

Ou

Ca

01

ru

n

Ou

Gfl

01

Ou

01

i 
fhicioiesa

5.00

12.00 

13.00

9.67

13.15

6. CO

5.50

5.15

6.80

3.01

7.62

11.50

5.11

6.50

1.86

9.99

5.40

2.85

Organic 
icolat* 

in 
chnlc 

(percent)

21.6

16.7

26.3

10.2

18.6

18.3

24.2

29.3

13.0

23.8

5.9

17,1

28.6

15.9-

20.4

26.0

20.0

tydro5en 
in organic

(noistmre and 
ash f reo) 

1 (-Dcrccnt)

6.2

6.1

5-5

6.7

5.2

4.9

5.5

5*1

5.6

6.3

6.4

4 9

4 9

4.0

4.4

Oil yield
C^ C^"*\ld

(gala/tons)

10.5

6.2

3.8

7.6

6.5

7.0

3.5

6.1

**

3.8

10.2

2.6

7.6

4.0

5.2

5.3

2.8

Urcnitm 
in 

Bhile

36

39

56

9

46

52

59

86

33

57

12

14

80

49

52

92

63

11
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Toblo £9.  Data on oil yield and uraniua content of eeeplee of 

Chattanooga ehale in Tennessee and adjoining BtatCB Continued

C^B-A

C6^-A 

C6^-0

Oz

Gz

Zte

15.07

11.95

7.^

W.I

16.7

8.4

3.8

3.9

4.1

0.7

.7

1.2

69

44

19

Explanation of ccs&er and unit cycbolsi Oat undivided 

l»erj Out tipper unit, Gcasavay eenber; Gia, middle unit, Gasaaany 

nesobep; Gl, lover unit, Cassava? octnber; Hz, undivided Dovelltovn 

acniber; Pa, upper unit. How el It own meaber; 321, lover unit, Ibvell 

tovn Berber.

IncoKplete section analyzed*
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i&fffirences in tho oil yield and urraiira cent cat of tie 

ere ch^wn in figure 2&, vhlch tihove "by hifltogr^na for 23 loc&li-

Figure 26. Histoftraaa shoving relation betveen uraniun content and oil 

yield of tho Chr.ttar.ooga shale, by regions.

ties the oil yield of the ehale in gallons per ton plotted against tho 

 uranium content in pnrtu per nillion. Cornarison between the tvo is 

facilitated if the oil yield end uraniua content of the ehale in the 

southern T>art of the 3aetern Highland fun are used aa bases for cora- 

parison. It can be readily Been that in Walden Bidge and Alabama the 

oil yield ia proportionately lover than the uraniua content, vhdreaa in 

Kentucky, the 1/orthern Highland Bin, and the northern part of the last- 

ern Highland Kin the uraniua content la proportionately higher than tht 

oil yield. These differences can be interpreted readily in the light 

of the position of tha shore line of the Late Devonian sea, as shown in 

figure & . The hydrogen content of the organic isolates increases 

northward and northwestward from the shore line, confirming, as vould 

have been expected, that the proportion of sapropdlic material oleo 

increases toward the center of the Baa, whereas the proportion of Iiuaic 

oat tar is greatest near the shoreline; this relationship has bean die* 

cussed by Swanaoa (i960, fig. 20)." The uranium content of the shale is 

highest in Valden Bidge, which vaa closest to the shore line, reflect 

ing both nearness to a source area and the high total content of organic 

natter; but the oil yield of the shale in the sage area is very low, re 

flecting the low proportion of sapropelic catariol. Cn the other hand,
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in the northern part of thd Eastern Ilif&lnnd Bin, the northern Highland 

Bin, nnd Kantucfcy, th* uraniua content of the shale reaaint relatively 

high, in line with ths high percent of or#iaic ioolato, bat the oil 

yield increases, rcfiaeting tha incroaaed proportion of 

mite rial in tho rocjc. Conuitiona in the eoutbom part of the S 

Highland Bin, vh^re tha uraniua contant of tha chale ia about the 

as that in tho northern part of the Eia bat tho oil yield euch lover, 

probably are due to the east-vest ridge shown in figure £, vbich w&s 

not eubcer^ed until Late Gaaeavsy tiiae and thus vaa a ehoraline while 

tnich of the Chattanooga vac bein^ deposited*
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The coz^paratively high hydrogen content of tho organic 

froa the lower units of the Jtov&lltovn end Gassavay neobers nay repre 

sent filter a high original proportion of tapropollc natter in the 

slovly e*j^andis£ sea, or deccy of cone of the humio material that v-ao 

brouo&t into tha 3<ga villa the core stable c&propelio Liatter renalned 

relatively incltsred,

Relation bdtv^an th4 organic tatter, tho uranlua content» and thf 

oil yield of the Chattanooga chale ucy be euL^arizod as follows:

1. Both the uronlua content end the oil yield of the shale are 

related to organic catter in the rock* 2ho uranius content is related 

directly to tha total caount of or^oiic natter, whereas the oil yield 

is derived froa the c&propdlic fraction of the organic catter,

2« Tha uranium content of the ehale in the area of this report i? 

highest near the shoreline of the Late Devonian sea (valdea £id£e} ( 

vhich probably indicates a uraniferoua source area to the southwest.

3* The oil yield is lowest near the shoreline and highest in the 

interior parts of tha sea, particularly in the northern part of the 

Saatern Highland xLLa, the i*ortaern Highland -5tn, cad Kentucky.

211



4, Tho uranium content of the chnlo ic hi^host in tha upper unit 

of the Cassawcy r.esftor (except locally where tha pho&phitio zone io 

present) t followed in doccending order by tha lower unit of the (tansa 

voy, the middle unit of *he Gansavny, the lower unit of the Dovalltsvn 

»nd the upper unit of tho Ibwolltovn. The oil yield follows cuch thii 

sons pattern ovsr tho area of this report t but in a large Area in tho 

Eastern Highland Rim the oil yield of the lowar tmit of tho G^ssavay 

tiecber ie higher than that of the tipper unit* cad locally th« love? 

unit of the Gastwmy has c higher yield than cny tmit of the 

The Chattanooga shale aa a source of ga&

The earliest reported investigations of tho Late Devonieji

In the region couth of the Ohio Hiver vere nnda in the early 1920 »s
/

by tha Kentucky Geolo^oal Survey, the ascples used in these studie: 

apparently vere grab samples of the £dv Albrj^r Bhale, a correlative of 

the Chattanooga; they are described only as being taken *froa widely 

scattered localities"* ^sseys of the aaaples show an arerz^e oil yiel^i 

Of about 21 gallons per ton and a gas yield of 3»OCO to 49 COO ctibic fast 

per ton of fuel gas having a net fuel value of about 337 Btu per cubic 

foot (Groute, 1925)* Later work has shown that the oil values reported 

are high by a factor of about l v and the gas yields, therefore, also 

ar« suspect.
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The first etudy of tho fuel voluoa of the Chattanooga oliale of 

Tennessee VQB mnAo by the Battelle Kxirorial Institute in l^W) anrt 1 

under the eponeorshi-p of the U. S, Atooio Energy CoBttiasloo* The K 

plo usud vas a oplit of a f^^n ssnplc collected by th« U. S, G<x»logioc?i 

Surrey froa locality 54 in southern Jccksozx County, in the northern 

part of tho Eastern Hi^ilnnd Bin; this locality originally vae desig 

nated S-100, vhich ic the cxuab«r tised in thd Battollo report. Tho 

earzpl* \*»s of th« yppnr 5 f«at of ths Gascavay Eeaiber, and the oheol- 

cal snalysie of the ehal« ie in Una vith that of other localities in 

the region (localities C56 and 16; oea table 1). Tha loss on ignition 

vas 23 percent: the ultitrate organic analycis shoved 1^.6 percent total 

cmrboa, 1.8 porocnt fcydrogen, and 0.^*1 percent fcydrosea. f?ha Slecher 

aesay oil yield vaa 9.6 gallons per ton. tha vater yield 7.2 ^allont- 

per ton* Again in lina vith later assays of the thai* froa other IOCA!- 

iti«s in the region*
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The method uaod by Battelle, and reported by roster and others 

(1949) va* a combination of distillation and conbustion. As it vafl be«* 

liered that higher tcsp^raturco vould result in loos of uranium recov 

ery, vhich \ms tho prirary consideration of the Atoaio 2nersy Corsaiosion 

at the tir.e, the maxima perndscible tsnpemture of any proccst used 

va« placed ai l,lCOer (^00°C). A good deal of preliminary vork vas 

done vithin this liriitation, but tha only result reported is the coo- 

position of a gas evolved at a temperature of ^85°7, vhich for thrcs 

duplicate runs shoved 75 to 83 percent carbon dioxide. 0 to 3.7 percent 

carbon Bonoxide, 1.2 to **«3 percent illuain^nts, 0 to 4.2 percent hy 

drogen* 4.3 to 6.2 percent net bane, 0 to 14 percent nitrogen* and 0 to 

3 percent ozygen. A gas of this composition vas of no interest &8 a 

fuel, end before attecpte to upgrade it could be made, the prcgr&si 

recessed on June 30.
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Althou^i th* Uautoll* otudiea ca<lo only & beginning on recovery 

of fuol values froa tho Chattanooga ohale, thoy brought out certain 

charoctorlBtics of the rode that vere used to advantage in later stud 

ies. At that tine the lover oil-yield cutoff considered to have eco- 

noxaio jx>tontLril WAS 30 gallons per ton, tho yield of ports of the Green 

Eiver ehale of Colorado; tho Chattanooga, vlth ita indicated yield t>£ 

leas than 10 eallcns. was therefore eubz^irGinal. ffcvertheleas, tbe 

content of the Gresa Elver and Chattcnooga shAles, assaying 

35 &ad about 10 gallons per ton respectively, vae eloost the 

end ezocpt for a higher sulfur content in the Chattsnooga9 analyeefl c 

the organic &&tter vera equivalent. Zt vaa suggested that because of 

these Bicil&ritids the /TIB potential of tho Chattanooga fihnle 

than itn oil potoatinl.

'

/y»-'J \
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For about 10 years after the Battolio project van recoaood littl* 

or co vork van done on tha can potential of tho Chattanooga* but coa» 

siderable euccess was attained in tho production of synthetic gas of 

high heating vixlue fron the Green Eiver shale. Investigations of that 

fornation vcro con-Jnctcd no part of a basic research progreo sponsored 

by tho Institute of G&o Technology of Chicago. Th* esnple used coa- 

tainod 15*4 percent total carbon and 1*39 percent hydrogen; the oil 

yield tras 22.9 Gallons per ton, tho vater yield, 3.0. gallons per ton. 

Zn teuta at a tecperaturo of about 1,300°? end reactor pressures of 

2,000 psi or core, a not £&a yield of 2,300 to 2,500 standard cubic 

feot per ton of rock, and having a heating Talua of about 1,000 2tc/SCf 

vas obtained (Shults azid Linden, 1959)*

Folloving the success of the studies of the Green Fiver shale, in 

vestigations were extended to other black shales of the United States, 

including the 3ev Albas? shale of Indiana ejid Kentucky and the Chatta 

nooga shale of Tennessee (Shulta, 1962). 3y this tine uranlua recovery 

vas of little interest, end the teaperature limitations under vhich 

Foster had vorked did not apply^ Senples of the £ev Albany shale froa 

Jackson County, Indiana and Marion County, Kentucigr, and of the Chatt«* 

aooga shale froa Cheatham County, Tenneese*, were tested. The exact 

locations of the localities frou vhich the sables were taken is not 

given, and there are no data on the type of saaple drill-hole or out 

crop nor on vhather they represent the entire shale section or are grab 

Maple*. Cooasnts Bust be interpreted in the light of these gaps in

the data.
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The Indiana icjrple ia of minor intercut to this report* The BED- 

pi a froa Marion Co'onty, Kentucky is froa the case general area as 

locality 323, and that froa Cheathaa County, Tennessee vas taken £roa4 

about 20 to 30 nilc« eo j.thvcst of locality 056^ these tvo localities 

are naaed heoAucd the shale fron thoa has been analyzed chemically y 

ond the oil yields dotorndnod, by the Geological Survey. Analyses of 

the Survey's samples and those uadd ty Shaltx are generally cocparaole, 

except that his samples show higher oil yields and rnich higher oil- 

vat er ratios than the Survey ercrples.
Chattanooga

Hydrogaaif i cat ion assays of scmplcs of the tfev Albany and ^Ckaasljg^ 

shales, &ade by the cethods described by Sholti and Lindta (1959) at & 

tesrperature of 1,300°? end reactor pressures of f roa 1,800 to 3,035 pst, 

vere made by Shultx. The cooposition of the gases evolved under these 

conditions is given in table
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Troo tho batch hydr ossification nnd Jitcher assay datn, G bolt 2 

computed tho gross rosourco* of natural gas equivalent in the Uev Al- 

beny shale, nnd £?we & starting point for estimates for tho Chatta 

nooga. 7irst, a conversion factor t^as derived empirically, relating 

the #i9 production cf the shales by hydro gasification to the oil yield 

c.e obtained by the Fischar t\rccy. Th3 fomula used involves eubtrao- 

tion of the heat input of tho feed hydrogen froa the gross he*.t out 

put, and correction to a 3j035 Btu/SC? basis (Shulte, 1962, p. 17}. 

froa his forcula, Shultz arrives at a figure of 310 standard cubic feet 

of 1,035 2tu natural £ao equivalent per gallon of oil pe? ton as de 

termined by the Tischer assay for tho Chattanooga chain; tha cocmarable 

figure for tha 3dv Albany shale, tha average of deterninations froa tM? 

localities, is 260. l!ha tentative estimate of gas yield of the CHatta- 

noo£» given herein uses the factor of 310, but rust be interpreted in 

the light of the following conditions:
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1. Tying the gas yield of th» Chattanooga, shale to its oil yield 

is en indirect, tnd pcenibly not tho best, method. As both Foster

(19^9) and Shall2 (1959) have stated, the kero^en content of the Chr;t-
v 

tanooga is higher thi^n its oil yiold, particularly as coopared to the
 ____._ . X

Grocn Hivor chalo, vould indicr-to; end it would be logical to expect a 

higher esc yiold, proportionately, than oil yield. Sbultz's doterainA- 

tions end his factor of JIQ probably ere useful for the Northern Eigh- 

land Ein end the northern part of tha Eastern Highland Bin, but ccy b© 

far afield for the coutharn part of the Eastern Highland Bis and for 

Valden Hidge, where the organic isolate content of the ahale, and pre* 

sm&bly its karcgen content, are as hi^h as in th* other regions, bait 

its oil yield is each lever; the yield in Valden Bidge is negligible. 

Jlegardlgss of the cethods used, any izsable eralu&tion of the g&s yield 

of the Chattanooga shala in Tennessee cost be based on data covering 

all the regions in vhich the shale occurs.

2* Sufficient Pischer assay data are available to penait reason 

ably good csticates of the potential oil yield of the shale (see table 

25). Tha factor used for converting oil yield to gas yield, hovever, 

it based on only one saaple vhich cay or cay not be representative of 

the shale in the Northern and Eastern Highland Bias, but probably is 

not representative of that in Valden Eid^e.
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3. rischsr fcssay data for both tha Gc.2£z%;ay nember and th* lov<?r 

'O unit of tha TX>v«»lltovn senuer ere av&ilcble. The gac-yleld 

hcvtf/or, *re baeed on a. e&sple th£t prefiiztably but not cf>rtr.ir>ly 

of the Oji5cri.vAy jfruBfcer. Hharc ere differences between the OfcBEtv£7 

lower unit or Uia ^ovelltcv::, howe;*er» that could effect the

of the urdto (^reccr «jid irovn, 19tS2). 

The Gassa^^ ucafccp c^ the Chc.ttasJcoe^ *h£le in tho Northern »nd 

Saftern Highlund llics, restricted CB ehovm in fi^iire 21» in ostiuTited 

to b«ve a potential oil yield of about 52^ billion gallons of oil, «id 

lover \rnit of the Zdvalltova ceiiber in the sane crea. 19?. billion 

(s«o tcbl^ 2^). Uoin^ S^zilts 1 * factor cf 310, this tould ii>- 

, for tha *aso aroas, acout 162 trillion standard cutic feet cf 

having e hec-tir^ value of l t ^35 Stu/SC? in tba Gastav^y 

and 60 trillion cubic feet in the lover unit of tfca Ifcvelltovn 

As is the ca«e in estiimtes of oil yield, no figures are given for the

of the Ibv^lltown member, nor for any part of the stela in 

Cumberland Plateau and Valdan Bidge,
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Sconoaio potential of tho Chfttt«aoo0i shale 

Chdor pro.«t condition. tha ChaUanoo^ ehale

ot^ti-a   . ,ourc« of
other «t«l..   «u   cf bcat 

Further. TOO,oa4c rec,y&y of

provide « ta»i. for lutur* vork hara beon cada.

* inv«tlgntion of 

la tha .3*1. «, .aa, ,y

ft***. ^Orait7 in tha oarly 

ver.
t

03 both

part, the ^P3r ^ of the

. tvo nathoa, of 

ddv vith sulfurio Roid. ^ laoohlle

*. Th^.a pr-trant.., of th, rode ^ Mt racoaJMadad.

show V tho wuOyso. (Poiitu-a and othen, 1558).
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6 ctudica of the possible recovery of tho thorlxra in the Chittn- 

chalo or in conparable roclcs have been reported; cost investi 

gations in tbnt field have bean Bade on nonasites and thorites, al- 

rjh a cethod has been developed for recovering thorittn f roa tha

biirrcn cff lucnta f roa urcniui>«procc£«ing plant* in the Blind 

Eivcr C.TCQ. of Canada- (^iudsley and others, 1958)* Whether G cooparable^ 

method vould ba effective with ths Chattanooga chale, vhich is nncfc 

lover in both uranitai iind thorina than tho Blind Eiver &rea, is not 

knovn. Sinilarly, no data ara available on tha recovery of trace 

elements in tha chale, sona of vhich era prceent in eoounta that have 

been recovered on a by-product basis in other places. The yield of 

oil fron the shale in a cossercial operation is gcnarslly considered to 

be about 80 percent of that shown by tha Fiecher as-^va (Eftrrick, 

P. 29).
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Econciaio processing of a rock such as tho Chattanooga feholo re 

quires the recovery of no nuch of the notal nnd heat values ao can bo 

obtained, This necessity raises the question of vhat effect the ten- 

peratures remiired for production of oil or gas vould faxve on the re 

covery of Tirraninni nnd other tietals. \fhea the first investicr-ticna on 

recovery of heat values vera cade by the Sattolle Hecorial Institute, 

at a tisie vhen uraniua recovery vas a prioe consideration, the allow 

able tenperature was restricted to l,100°y, or about 600°C; this tem 

perature is not such above the cnzicua used in the Jischer assay 

process, and probably vas chosen for that reason. 2ae Battelle studies 

vere recessed before any conclusions could be drawn, but Pollara end 

others (1958) state, vithout giving ary Quantitative data, that retort- 

Ing decreases the recovery of uraniua jaarkedly. On tha other liind, 

Brewer, Meyroviti, and Saul (195^) found that dry distillation of the 

shale at a teopercture of 500°C did not causa any appreciable loss of 

uranium froa the ash, indicating that little or no uraniura was carried 

off in the volatile*. Their studies vere directed toward learning the 

aaount of uranium left after distillation, not the aaount that could be 

recovered; thus the conflict between their findings and the statement 

of Foliar* is apparent rather than real* It Be ens safe to say that the 

protection of oil froa the shale would entail tone loss of ursniua re 

covery because of fusing of the ash and for other reasons t but no esti- 

 atft can be given as to tha aaount of such 'loss. Zf tha heat values

should be recovared as £&s instead of oil the loss alaost certainly 
would be higher because of the higher te&peratures (DOT* than ?C(PO) 
used in the oil-production process*
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Evaluation of tho Chr.tt^Jioo^ chale ns n oourco of urarJliai BTJ! 

thoriua, p.nd of oil or ep&, met tnJre into consideration tho fr»ct tba£ 

in the present ctnte of technolocy a recovery oi* 70 to 75 percent of 

the urnni-un in the t>hr±la is cbout ell that can be czpccted in n lar£»>~ 

scale onorn-tion, and that recovery of oil values vill be only tbmit BO 

percent of the yield nhovn by the ?ischer asenyo. The experiments cci 

production of gas iexve not reached tha point vhere it i« possible to 

ocke cji eatir^te of the efficiency of a coasercial operation as CCID- 

pared to th* batch tests.
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the no at obvious potential of the Chattanooga chale ic 

as a source of uranitm and oil or £as« the rock contains a number of 

other naterials vhich probably could be recovered on a by-product basis 

should tho shale ever be cined and processed. Thoriua has already been 

mentioned; finothcr wetal, that in other operations has been recovered 

even though tha content va» leas than that of the Chattanooga, is ran- 

^aneise9 vhich is presaat throughout the irorthern and Eastern Highland 

Rio* in concentrations, calculated from chcnicsl analyses for KnO, of 

about 150 ppa; in Waldos Eidge the content is sonevhat higher, I&ta on 

other trace elements are largely qualitative because they are based on 

seaiquantitative epectrographio determinations; but as the histogr&ctf 

in figure Ib sh>v, several are distributed rather evenly througboui 

the Eastern Highland Rim and Valdcn P.id^o, in concentrations of at least 

100 ppa and probably on the order of 200 ppm. Azaong these are copper, 

and (in the black parts of the shale only) nickel end colybdenasu ?he 

content of these elements is somewhat lover in the Horthera Highland 

Biat than in other regions* Cobalt, in concentrations not such above or 

belov 100 ppa, shovs ouch the saoe distribution* Other el«cents v vhich 

are present in ssaller concentrations or vhich show irregular distri 

bution, are discussed in the section on the conposition of the shale,
>?,J 

vhich includes caasents en tt^ vqo&ii&tp possibilities of some of the-   '"^-./ ' 

elements*
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The follovins etnisjary of the economic potential of the ch&ld is 

restricted to tho Ga«RauRy eenber, which is tho only part of thd forci- 

tion likely to be con si do red worth joining and processing in thd fore- 

eae&blo future. It is true that locally tho lover unit of th» Itovell- 

tovn Kcober contains Rlwoot half as isich uranium find has practically 

the sass oil yiold &3 tho C-assavay member; but it is separated froa 

the Gaspaway by » thick ceouftnoe of the alcost barren (ezcapt for its 

comparatively hig;h thoritsi content) upper gray tsnit of the Dovelltovn* 

Thus streti^mphio condition*, as veil ns lov values, vould ecpear to 

eliminate the Dovelltown member froa serious consideration in tha 

of preeent fcnovl0ds:e.
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potential of the Gassavay ncaber varies sonevbat in different 

r*gion«. The highest potential for uroniuia and thoriua is in Vcddcu 

Kidgs, where the ehole contains about 70 ppa uranium and 10 to 11 ppa 

thoriua. ?h« oil potential of that region, however, is negligible, a* 

is the g.18 potential in the light of present information. Also, mining 

conditiona in Valdea Bid>*e probably vill be tore difficult than is the 

ease in other regions* Itho potential of the Eastern Highland is differ* 

ent in the northern and southern parts of the area* The uraniua con* 

tent is highest -about 60 pp» -south of en east-vest line drawn itcrosc 

the Highland Bin about 5 oiles north of the 36th parallel of latitude, 

vhich is also the northern boundary of the Saithville area* The oil 

yield, hovevsr  about 9 gallons per ton is highest north of ea east* 

vest line drawn about 5 &iles south of the southern boundary of the 

Saithville area* The thoriua content in both area* is the saae, about 

8 ppa, Tbas the area in which the combined uranium and oil potential 

is greatest is about 20 idles vide north and~south, and 3° oil** long 

east and vest f roa the Highland Bin escarpment to the vicinity of 

Sparta; it is likely that additional data would extend this area farther 

east, at least to the base of the Oozaberland Plateau* The area jjriN*tat*A 

-^*A-   lf covers about 500 square ailes, in vhich the shale

Is about 1** feet thick and it trader f roa about 100 to 500 feet of cover. 

The total uranim content is estiaated at about 640,000 tons and the 

thoxittB content at about 76,000 tons, and the oil yield at about 3 

billion barrels*
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Another area in which the chale has coirparatively high combined 

potential covers about 5CO square «lles in vest cm Sunner, northern

Davidscn( and southeastern Bobertcon Counties in the northern Highland

£
«  * 

saj.iT/-]. ij» Thd c hale in this area has a rather uniform thick

ness of fcfcout 10 ifeet; no estimto of the cr/ount of cover has bcc*n 

cado, but it-probably is lass than the cover in tho Eastern Highland 

Eiia. The uraniua content ic about 55 ppa« the thoriua content about 

8 ppa, end the oil yield about 9 gsillone per ten. ftie total urzmiua 

content of the erea is estimated at about 600,000 tone, the thorius 

content lit about 5^,000 tons, and the oil yield at about 2.2 billion 

barrels.

The estimates p.bove ere for mterial in the ground, without 

to ainic^r or processing losses; tho probable procesein^: losses, 

evcr, have been discussed above* Z?or do they tcke into consideration 

the recovery of trace eleaents, vhich, as has been stated, probably 

vould be higher in the Zastera Highland £ia than in the Eortharn High 

land Kirn*
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Kinir$ conditions

r.s AS such is outalds the province of a Geological 

Survey report* certain observations based on the geologic vork, the 

drilling pro£Tsat *?nd tha driving of tho edit can profitably be aade.

The first observation is the acre or less obvious one that any 

mining plans .should bo based on a drilling pro£raaf and that only drill 

hole Sflcples should b* used in evaluating the ^rsde of the ore. The 

effect of weathering processes on the uraniua content and th* oil yield 

of the shale is so re/triced that sarples fron outcrops should be used only 

as a las t resort if at ell* The drilling, however, need not be rp^od. 

as closely as is desirable in nosy types of deposits. In cost areas 

a spacing of 1 &ile should be tvnple, except in the Val£ea Hd^e area; 

there, because of the dips end the condition of the ro<&9 closer spso* 

in£ is deair&bla.

A second iasic observation IB that &ny uining of the shale in tha 

foreseeable future probably would be by underground methods, particular 

ly ia the Eastern Highland Bia and V/aldca Eid^a where the shale is over 

lain, above tha thin Haury formation, by tha highly resistant Tort Payne 

chart. The lover 60 feet or so of ?ort Payne is ertrecely difficult to 

drill end blast, and above this unit tha formation is deeply weathered, 

tha leathering extending locally as- deep as 60 fast* Because of tha 

cliff-forming character of tha Tort ftayne, tha cover over tha shale is 

generally 100 feat or sora only a short distanca behind tha outcrop.
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In ttich of the Tort horn Highland Ria the cover ovor the ehala is 

the Hev Providence ch&le, vhich is not aa resistant as the Fort P<x?ne« 

In that area consideration night be given to strip-ninin£, although ths 

ratio of overburden to the shale vould be high* In both the Zastern and 

Northern Highland Rica the re£ior-al dip of the Chattanooga shale is 

eway f roa the Kashville B&3inv vhcreas the drainage ifi into the baoin; 

thus the cover over the ehale increases vith the distance f roa thg 

esc&rp&ent*

Die thickness of the Gassauay iseraber is fairly unifores over lar^e 

areas end no cuddan thickening or thinning is to be expected* There 

are, hovever, in the Eastern Highland Bio staall rolls vhich generally 

trend northeast vlth the strike of the formation (see Conant and Svan- 

ton. 1961, p« 37 )  These rolls shov thinning at the top of the 

unit of the Gassavay f&caober vhich could be important if that unit 

should be mined; their effect on mining of the total cenber is of lass 

importance. Because the ehale dips away f roa the outcrops, provision 

 ust be cade for ptcspin^ vater from the nine.
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Eoth the Chattanooga bhald end tho overlying roclcs ara rather 

 tronsly ^oint«d, the doainaat Jointa trending generally northeast vlth 

the strike of tha formations* 2b faults of any consequence have been 

obserred in axy rc^rion, although soae rather severa faulting vould not 

be unexpected in ths Wnldsnx Jiid^o area, vhora the dip is about 20 de- 

grctx to t>^5 southeast into tho rid£ot and tha rocka locally ore badly 

broken. In brief, Dining conditiona in tha vest era flcrlc of Volden 

Eid£e, frora vhich all tho date used in this report are t&ken, ore likely 

to bo bod in eurersl respects. Conditions in tha trough of tha eyzv 

cline &r« not known*

Drilling tha stele presents no p=jrticolor problems. Tho core* cT 

the shala, except in V&ldcn Pld^d, ere generally solid. locally, itt 

ell r^iSioiis, cores shov soaa alicirensidiTig tiett indicates lateral 

ments, Vatt 8£sin vlth the esception of Vslden 2idgc t such t»rene 

apparently h^Y0 been ai?»r. Qie shattering of the rock in Valden 3 

Is greatest at tha southern drill hole9 C^7f and decrenaes northeast-' 

vsrd. Tha core frosi drill hole 050, ftt tha north end of tha Valdea 

Eidga area, shova cmch alickensidia^ and contains considerable breccia 

vhich has been reoeoantad*
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5ha o:ily ninins oxpcricTice vith tbo ChittGnoos* Bh&le vas gained 

from tha edit (locality 79) driven in tbo uppw unit of tha Caaaawfcy

aeaber in 19^3 end 19^9, and deepened in 1953 to obtain eanples of tha
\fitiaz. 

entire Gassa'^/ay cer-b*r. She oricinal adit was about 5 ^c«* ^^ aad 6

to 8 foot high. and vent about ICO fest into tha shale. She svers£e 

footage per round tas tibout 5 foot. Tha esperiaontAl nature of tha 

adit end ite czsall size liziit its us guinea a in planning lares-scale 

cining operations, but eotae of the conditions encountered offer useful 

suggestion**

At tha tied tha adit vaa driven little cLuta on the cosipoeition of 

tha shale ware available, and tha extreme abraaivonass of the rock vas 

tonethicg of a curpriaa. Steal bits drilled only about 2 feet before- 

losing gauge; tungsten cnrbide bits gava saticfactory footage. The 

drilling pattern called for shooting out a bottom wedge, best resultt 

being obtained vhen tha angle of tha wedge ho lea was not lass than 25 

degrees* ?hd rock above tha wedge vaa shot down easily froa horizontal 

or al&ost horizontal holes, thua taking advantage of tha nuaeroua bec^- 

ding planes in tha shale. Tha f irat rounds were loadad with 60 percent 

gelatin dynanita, which did not give proper fragmentation; subsequently 

good results ware obtained with ^0 percent gelatin tfyn/mite, but en even 

slower powdar probably would have giran better results. Tha aost ef- 

f active rounds ware thoaa in which tha vadga holes ware loadad rather 

heavily, tha higher holes s&ra lightly*
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The Keury ebale stood better than had been anticipate in thone 

part* of the edit where it was not taken down, but hov well it vould 

 tand orer large area* ie not known* Hopefully, it Right be possible 

to remove the Chattanooga and ehoot dovn the Kaury later, thus avoid* 

ing dilution of tha CJiattanoo^a by the barren Usury.

It has be<*n ttuiad for years that the black parts of the Chatta 

nooga shale vould not support combustion, though they vould burn if 

placed on a hot fire. When construction of the adit.v&s started* shale 

from the facing cut was dumped into a ravine, for road-building pur*

poses* On a Friday afternoon a fire vas built on top of the shale and
/

left burning vhen vork ceased for the day* Vhen the site vas visited 

tvo days later, tha shale had caught fire and vas burning steadily* 

and it took a day'e vork, aided by a heavy raint to extinguish the 

blase* Zt vas found later that the Tennessee Valley ^authority had a 

siailar experience vith the shale during construction vork at its Hew 

Johnsonville Steaa Plant* Ihe unexpected coabustibility of the shale 

raises the possibility of ezplo»ions in Bines in the Chattanooga, if 

adequate precautions to keep the dust dovn are not used*

The snail sixe of the adit aakes it impossible to hasard a guess 

is to hov veil the Fort Payne roof in a nine vould stand, and therefore 

>f the slse of roo&s that night be planned* The Fort Payne is strongly 

Jointed, as is the Chattanooga, vhlch complicates the problem* Zn the 

Corthern Hiehland £ia, vhere the cover over the Chattanooga is the Hav

rovidence shale, a different type of roof problems vould be encounter*

4*
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1&ble £?.   Location* of outcrop localities end drill hole* chown x?n

mapfc ctcconparqrins this report

(All <iu*.dr£n&lcs &ra 7-fi 1 sheets except Lilly dale, Bed Boiling Sprites, 

, Csinsboro, Gordonsville.and Voocbury, which ere 15 1 theett)

lops graphic

12

17

Polaski

BUB sell Ky.

Ola/

Orertoa

Science Kill 7.5 xailes northwest of court- 

| house at Sonarset; at Hogu* 

! on east oajah of Fishing Creels

! cut on north side of road.i
Volf Creek 9.5 niles southwest of court*

Ifea ' house at Jaaestovn, cut for
i
1 vest end of Volf Creek Eaat
i i
| nov concealed oy das. 

Tena. Lillydalo About 3 niles east of court*

house at Celina and about 250 

; yards vest of north end of 

Ifele Hollow Das; cut on north 

side of road*

About 2 stiles south-southwest 

of Tlaothyt vest end of daa 

on Kill Creek in Standing* 

stone State Park (analyses 

not giYea in table 9).

Tean. Hilhaa
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Table ££. Locations of outcrop localities and drill ho lea shown on 

caps Accompanying this report Continued

22

25

27

1

29

K&con

Jackson

Jackson

Jackson

 

Stein.

Tenn.

Tenn.

Tenn.

Carthage

Gainsboro

Gaiasboro

Gaiasboro

Iron intersection at Villctte,

1*2 ailes east on Tennessee

Boute 56 1 then 0.6 mile uouth-

east on uairrproved road, then

0.4 nils &outb»couthweat on

steep road leading to valley

of tort race Creek; bluff on

side -of rocd.

About 5 &ile> northwest of

Gainsborov cut along Tennes

see Boute 85 at crest of

ridge between Bollard and Cub

Creeks.

About 6 Biles southeast of

Gainsboro and about 1 mile

south of Pleasant Hill School

9A road leading to Sugar

Creek.

Six miles east of courthouse

at Gaiasboro near top of steep

slope overlooking Bearing 
Biver from south, end about 1 
mile east of Blacknaa Fork; 
road cut.



,
Table 2£. Locations of outcrop localities and drill holes *hovn on

napa accompanying this report Continued

31 Jackson

3*

39

*3

Jackson

Jackson

Jackson

I

Tenn.

Tonn.

Tenn.

Tenn*

Gainsboro

Geinsboro

Gains bo ro

Gains boro

-

Seven idles cast-southeast of

Gedna'boro, about 3 Biles (air

line) south of couth cf BlacSc-

man Fork and 0.5 nile east of

 treaa; cut on road ascending

Ktoep east vail.

6.5 niles eouthaaet of court*

house at Gainsfcoro on road

leading east into valley of

Blactean Pork froa Freewill

School on Seven Knobs road;

cut on north side of road.

1.7 aile southeast of Gainsboro

on Tennessee Boute 56; cut on

southvest side of highway.

2.5 idles south of courthouse

at Gainaboro, 2.2 idles up

Sha&erag Hollow road from its

intersection with Tennessee

Boute 53. and 0.8 mile north*

vest of 2Tev Sales School; cut

on north side of road.
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Table 2$. Locations of outcrop localitioi and drill hole* ehovn on 

. maps acconpanyin£ this report Continued

5*

58

i

Jac!:&on

Putnaa

-

Senn. | Oainoboro
i

Tenn.

*

Baxter

V

^^

6.5 Biles couth t>7 cast of

Gainsboro on road leading

northwest fron Tonnes eea

Bouto 56 to nynn Creek; roac

cut 1.2 nil as northwest o£

intersection vith Tennessee

Eoutc 56 at eouth cdg* of 

Cainsboro Qt^drangle. Expo-

euro destroy ad by road con

struction in 1957.

Iron junction of U. S. Bighv,-a7

70S at Double Springs, north- 

vest about 2 miles on Tennes

see F-oute 56 to Bloonington

Springe, then northwest 1.5

 dies and north-northvest 1.6

miles on road to Kartin Creek;

out along road (analyses not

siren in table 9).
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Totole 25. Location* of outcrop localities and drill bolts shown on 

cape accompanying this report Continued

59

60

6k

 6

67

Putnaa

Saith

Putnaa

Putnazt

DeXalo

T*nn.

Tenn.

Tenn*

Tenn*

Tenn*

Baxter

Gordons ville

Silver Point

Gordonsrille

-

Oordoxnrille

About 12 niles vest of court

house &t Cookeville, cut on

road about 0.5 nils north cf

U. 6. Highvsy 70H; 0.25 nile

east of Lafayette School.

7roa vest city liait of Chest

nut Hound, 0.8 aile northwest

on U. S. Highway 70H f roa its

intersection vith Tennessee

Boute 53s cut on north**st

side of highway.

(kntrys Bluff, in "bed and veils

of Mine Lick Creek; ahout 2

airline ailes east of Bcsa and

2.3 siles couth of Baxter.

Troa SilTer Point, 2*5 niles

veet on road to Center Bill

Daa; cut along road (uraniua

analyses not given in table 9).

Jftout ^ airline niles northeast

of Dovelltovn; road cut on
vest side of Sale Ridge near
headv&ter* of Reynolds
Branch.
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Tetlc 2$. Location* cf outcrop localities and drill hoi*a ofcowii on 

ESTOS accompanying this report Continued

70

73

IfcKalb

Putaaa

T?nn. I SilYor Point! About 11 Bile* northeast cf

courthouse at Salt brill eon 

Tonnessee Route 56; cut 

hlglRjsy ne&r crest of 

aoout 2 cilet north of vest 

end of Hurricane Creek £ridj 

over Center Kill Beaervoir.

Tenn, Silrer Poln

Term Burgess

About 7 i&iles northeast of 

Smitfcville on Tennessee Boute 

56; hlghvay cut along south 

approach to Hurricane Credt 

Bridge orer Center Hill Raa» 

ervoir.

At Burgess Tails on felling 

Water BiT«r9 about 10 miles 

south-south*e3t of courthouse 

at Cooker!lie, about 0*3 

dovnstreea from d«a of old 

Cookerille power plant.



,- Locations of outcrop localiti** c.nd drill hole* shown en 

Raps ftccocnanyin^: this roport Continued

Vhito
i ^ I 

Term. , Burgees

Falls

75 DeXalb

76 LaSalb

Tenn* Sligo Bridge

SligJ> Bridge

At Taylor Creek Tails on branch 

of falling Water Hiver, fcbout 

10 miles northveat of Sparta; 

east froa ?eeled Chestnut on 

Tennessee Poute 26 1.7 miles, 

then north.2.6 piles to fells.

Cut along private roed (nov 

abandoned), 0.5 aile northvsst 

of old Tennessee Boute 26 

vhere it begins its descent 

to east end of Sligo Bridge 

over Center Hill Reservoir.

About 7 miles east of Saitiv- 

vllle on Tennessee Boute 26 

and 0*3 aile northeast of east 

end of Sligo Bridge over 

Center Hill Reservoir; deep 

bighvaj out on north side of 

road* Designated by Conant 

and Svanson (1961) as the

standard locality of the Chat 

tanooga shale (uraniua analy- 
not given in table 9)*



*-*c*

Table 22.~-Locations of outcrop localities and drill holes ishovn on 

map* accospanyin£ this report Continued

78

79

DeX&lb Tean Sli^o Bridge

BeZalb

MCalb Tennj

Sligo

Sligo

cut on old Tennessee 

26 (ncv abandoned) about 1 

cilo southveet of it3 inter- 

ccction vith present Poute 2<6 

(uranivaa analyses not given 

in table 9).

driven 100 feat into Tipper 

unit of Casaavsy nccber, por 

tal of adit about 1^0 feet

of locality ffib 

analyses not given 

in tabla 9).

2.25 airline nil«s south of 

v«st end of Sligo Bridge, and 

1.5 dies northeast of Toun^s 

Band School; in bed of 8t*9p 

v«stvarc>floving tributary of 

Short



££.  Locationa of outcrop localities and drill holes shovn on 

cape ftccospnnying this report Continued

86

87

-

68

89

Dc£alb

Defcalb

Vhite

-

BeTalb

Tsnn.

Tenn,

Tenn.

Teen,

Sligo Bridge

SI i^o Bridge

Campaign

SaUfarm*

9-5 nilcs southeast of Smith-

rille; in bed of south-flow

ing tributary of Sinlc CrceJ<

Rt ve»t sida of Center Hill

Jteiorroir. CJaiscvay ncnbor

only exposed vhan aa^nlcd.

31uff on east sida of Sink Creei,

2.^f niles northaaft of Kelton-

bnrs (ursniua nnaly»es not

Given in table 9).

In south bank at northernsott

part of Horses ho a Bend in

Canqr Fork Birer, 4.8 nilca

vest-northv«st of tt&llis&;

nov below water level of Cen

ter £111 £aserroir (uranitza

analyses not given in table 9).

Main vatarfall in Pine Creel:*

4. 3 &il«* south of courthouse

at Ssithville and 2.7 airline

ailea vest of Bain part of

Caster Hill Beserroir.
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Table £5»  Loc-iticnc of outcrop localities end drill hole* ahova

fcccospanyins this report Con tinned

91

92

 

95

951

96

Derail)

DeTalb

DcTalb

J)eXAlD

PeXAlb

ITean. ;

Term.

Tenn.

 

Tenn.

Tens*

SaithTille

Snithvllle

Cos&ava^

GAssaMay

   

^

Saithrill«

Cut on unicproYed road about 1

cile north of Tenneaee* Pout a

26, about J.b niles eact of

Sxsithvillo find near eastern

cd^e of Sni thrill e q-.iadrai^ie.

Cut on Holaea Creek road, 1.6

nil 01 north of courthouse at

Saithrillo.

Cat on old Tennessee Eoute 26 &t

Snovs Hill, 3*1 clles south*

east of Dowell tovn And 6.5"

tailas vest of Snithrille (ura-

niua Analyses not siren In

tAble 9).

Highway cut on Tennessee Route

26, About 0*6 die east-north*

east of locality 95 (cut cade

in 1955* *ad &ot  azrpled}*

.About 3 allea vest of Saithrillc

And 5*5 dlBs southeast of

Zbvelltovn; At 2ggrpt Jails on

tributary of Dry Creek.



Table 23$. -Locations of outcrop localities and drill holes shown en

tccocrponying this report Continued

97

99

100

101

DijK&lb

Cannon

Cannon

Cannon

Tenn.

Tenn.

Tenn.

Jcnn.

C&s savey

  

Short Moun

tain

Voodbuzy

-

tfoodboxy

About 8 miles vest-northwest of

courthouse at Snitkvllle and

about 2 nil os east of Gassa*

vay; cut on north side of

gravel road to Ht. Korieh

School*

6^5 nilcs east^northeast of

courthouse at tfoodbury; 0.7

eilo east on U. $. ElstiffE?

?OSt then north and east en

Stones Eivor road 5*8 miles;

0*7 Bile east of intersection

with Short Hountain road;

streaa bed on south sidaof

road*

South of Gassavay 5*0 »xd 5.4

Biles on Tennessee Boute 53;

road cuts on north &nd south

sides of ridge.

Cut on vest side of Auburntovn

road 2*6 miles north of its
Junction vith C. S. Eit&nacy
70 on vest edge of tfoocbury*
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ftible 2$.  Location!! of cutcrop localities ^nd drill hol«* thovn on

thie report -Continued

1
103

104

106

'

107

112

Cannon

Cannon

Coffee

Coffee

Coffee

Tcmu

?«u.

Tezm.

 

Tenn.

Term.

WoodlTury

Beech GroYe

Beech Grore

Eoah

     

OYOTS,

J&out 4 oiles south of court*

house at Voodbury and 1.4

nilos vest of Tennessee Itouto

53 At Sheboygaa; road cut.

Cut on vest »ide of road 3-7

miles northwest of Eollov

Springs Crossroad* and 2.9

nil os south of the church fit

3*3 silcs north«a£t of U. S.

Highvay 41 on KcBride Brs^cfe

road; 0.2 mile eouthyestsf

Vilsons Chspel School at

Ebodoo; cut along road.

About 10 Biles northwest cf

Manchester and 1 nile north

east of £6ah; deep cut on

U. S. Highv&ar 41.

5*3 Bile* southwest of court*

boose at Kanchest** and 1.6

idlea vest of Mountviev
School on road lesdlrg to
Cruopton Branch; road cat.



Table Z^.- of outcrop localities end drill holon chovm 

caps Zicconp&nying this report Continued

1

113

11*

118

185

Coffoo

too re

Moors

miificson

?ann.

Tcnn.

Tenn.

Term.

Ovova

tforcandy

Cunberl&nd

Springs

Coll Age Grov<

-

About * niles north-northvect

of Tull&hona and 2. 5 railee
C

vest-no rthvest of UvoX:a;cut

along Cascade Branch ro&d«

In northeastern panhandle of

Koore County; cut on northeast,

side of road belov Ledfordfs

Kill danf 2.8 niles nortbrss?

of Junction of tTennessee

flutes 16 and 55*

About 6 zailes northeast of

courthouse at Lynchburg; alonj:

Eurricans Creek Just belov

das at Cumberland Springs.

(Uranitm analyses not given

in table 9. )

In southeastern part of Wll-

lianson County; 3*0 eiles

cast of intersection at

Bethesda and 1.2 miles east

of Cross Keys; in gully on 
southeast side of road (ura 
nium analyses not given in 
table 9).
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Tnble J£^«  Locations of outcrop localities mid drill holos shown on

this report Continued

16? . Franklin

2033 } lavidson Tezm. Whites Creek

204 Dsridson Tenn. Vhitea Creek

^3out 4 Biles northe&ot of 

Franklin, on U* S. Highway 31, 

then north 1 nile on Holly 

Tree Gep roadj blvtff 50 feet 

north of road "behind barn 

(uraaixua analyses not given 

ia tabla 9).

About 9 nilea north of State 

Capitol at EashTille; 1.3 

dies vest alonj Cearobells 

Lane f roa U. S, Highvnys 31V 

end ^1; cut on both sides of 

road just east of crest of 

hill.

3.7 ciles north-northwest of 

Goodlettmrille on U. S. High- 

voy ^lSt then vest 0.7 ail« 

to L. A H. Pail road tracks at 

Bakers Station; cuts about 

100 feet north and 1.5CO feet 

 outh of crossing*



Table £*>. -Locations of outcrop localities end drill holes sho«n an

this raiDort  Continued

i
209

210

2X3

214

Kacon

Clay

Ehea

Shea

__

Tcnn.

Terou

Texm.

Term.

Ecd Boiling

Springs

Bed Soiling

Springs

Roddfcr

Svanrrilie

 

Froa P.ed Boiling Springs vest-

southveat on Tennessee £oute

52, CaS nilea; cut along

north cide of road on east

elope of Long Fork Crec^.

About 3*7 Riles Eouths&ot of

Bed Soiling Springs on the

Hudson Creek road, about 0.15

Bile northwest of the Clay*

Kacon county linej cut oex

northeast side of road*

0.9 mile vest of Koddy; badly

disturbed and veathered ex

posure in cut and ditch alcz£

road (uraniua analyses not

Siren in table 9).

From intersection of U. S. High-

vey 2? and Tennessee fioute 30

in Ifeyton, northwest 1.8 oiles

on U. S. Ei^bvay 2? to Valzmt

Grove School, then northwest
on county road 0.8 die to
intersection; road cut just
vest of intersection.
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23.---Locations of outcrop localities fjid drill holes thovu on 

caps acconpanying thj,s report Continued

215

219

220

221

Hedsoe

Sequatchie

Marion.

Tarn. Kclrine

Tcnn. Mt. Airy

Tenn.

Tenn* Cetner Gap

Tvo ciles east of road Junction 

near Cedar Kidgc; on eouthv«at 

fiidd of road end on northeast 

side telov road.

13*3 ciles souti>»8otithvest of 

courthouse at Piksville; f roa 

Stephen Chapol on east aide of 

Sequatchie Fdrer 2.5 miles, 

then east 0.7 mile; on north 

side of Kctfilliass Creek Just 

north of road.

About 5 &iles south of court* 

house at Donlap; 1 nila south 

of Junction with Tennessee 

Eoute 28 on Tennessee Boute 8; 

highvyy cut*

Froa Junction of Tennessee 

Eoutas 2? and 1C8 Just south 

of VhitveU, about 4 oiles 

east on Teenss tee Eout« 2? and 

1.3 miles east of Povells 

Crossroadis highwgr cut.

250



Table *3. -LocAtiona of outcrop localities and drill holes chovn on 

cap* ncconponyintf this report Continued

222

306

310

Ulrica

Suamer

Kacon

Tsnn,

Tesn.

?esn»

Saquatchid

White House

Lafayette

-

  

On U. S. Highways ^1, 6^, end

72 between Jasper and tha

bridge over the Tennessee

Rivor, 2.5 Kilos vwit of vest

end of bridge; cut on north

east side of highvay*

From intersection about 0,1 nilc

east of echoolhouse at Shackle

Island, north 3»0 nil«s to

Crckfta Creek ro&d, then oortfc*-

east 0*4 rails, t^ce vest fork

0.2 aile; cut on east side of

road.

Proa courthouse at Lafayette,

north on Tennessee Eoute 10,

4.6 niles, then vest about

3*5 ailesi outcrop on north

tide of road along 01 if 1 7

Greek,
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Table £§. Locations of outcrop localities and drill holes thovn on

acconponyinc this report »Con tinned

323

01

C2

%

JTorion

DeKalfc

DeTalb

ry.

tan.

Tens.

Bradford*-

villa

Sligo Bridge

Sligo Bridge

** 

^A. **^h

?ron post office at Bradfords-

ville, 2.0 ailes vest on £oa«

tucky Bout a ^9i then 3-1

rail as vest  southvest on

secondary roadt then 2.5 miles

south on Arbuckle Creek Bo ad;

outcrop of tfev Aloany shale

in ssall quarry and creek bed.

Drill hole in northeastern part

of Youngs Bend, 2.5 ailes

east*northeast of Youngs Pan!

ccaetery and 2.1 nil is east

of south of Sligo Bridge.

deration of collar, 960 feet;

depth to top of Chattanooga,

186 feat.

Drill hole 0«5 nils toutbvest

of locality Cl and 0.9 nile

north of eaat of locality 83.

Zleration of collar, 939f eat;

depth to top of Chattanooga

shale. 198 feet.
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Stable 2$. Locations of outcrop localities and drill holes shovn on 

caps accozcpaiyrins thif report continued

C3

Cfc

06

***,

Derail

BeEalfc

^d2in. ^lifcO JorioVj^r

Tcnn.

 

Tenn.

Sligo Bric!s<

Sligo Bridge

-

Prill hole 0.65 nile south-

southwest of locality Cl end

0.4 nil a southeast of local

ity C2, 21 e vat ion of collar.

9^3 feet; depth to top of

Chattanooga shale, 166 feat.

On south aide of Toungs Band

Eoad 1*5 airlins ailes east-

northeast of Toun£S Bend

Ceactery and 0.6 rail* south

of vest of locality C3« Hie*

Tat ion of collar, 9^4 feat;

depth to top of Chattanooga

shale, 213 f ««t.

Drill hole 0.95 airline aile 

northeast of Toung» Bend

Ceaetery and 0*25 idle south

of locality 83 1 on north side

of Toungi Bend road at Yau£hn

.Cemetery* Sltratioa of col-

lar, 977 feet) depth to top

of Chattanooga shale, 226 feet
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Table 2£*  Locations cf outcrop localities end drill fcoloa shown en

Gcconoanyics this report Continued

C7

09

-  

010

i

X><£slb

DoZolb

BeXalo

Temu

Term.

Temu

Slico Bridge

-

Sllgo Bridge

Sliga Bridge

^

^.^A-

Drill hole on couth aid* of

Toucgc B«nd road, 0*3 die

northeast of Totogt Bend

Ccr.etcry. 21 e vat ion of col*

lor, 9^6 fedt; depth to top

of Chattanooga «hal«, 205 fast.

Drill hold 0*7 cils sonthveat of

locality C? and 0*3 ulle south-

vest of loungs Bend Coraete77t

at end of unlrroroTOd ro?.d

running couth f roa Toungs Band

road tovard Pine Creak. £le*

Tatlon of collar. 984 feat;

depth to top of Chattanooga

 halev 175 f»**»

Drill hole on south tide of

Teoags Bend coad, 0.8 idle

vest of Toungs Bend Ceaeter7

and 0.6 mile east of Kev 71 ev

School, iteration of collar*

1,009 f«*t; depth to top of

Chattanooga shale, 186 feet.
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Table 2£.   Locations of outcrop localities and drill holes nhovn 

naps iiccoopargrins this report Continued

on

' II HI" -  "  ' 1             -' " " f

: /
Cll ; BoKalb

C12

C13

i

ZteEalh

DeXalb

r««.

 

Tenn.

ii - 
i

5?ean.

Sligo Bridge

Sligo Bridge

Sligo Bridge

*.

'-

Drill hole 0.7 fcile northeast

of locality CIO, on west side

of road leading northward

from Toungs Bend road toward

Fall Creek eobaytaent of Cen

ter Hill Reservoir. £l«vs>.

tion of collar, 97^ f eetj

depth to top of Chattanooga

shale, 194 feet.

Drill hole 0.7 &ila northeast

of locality Cll, and 2.0 air*

line Biles aloost doe south

of v«st end of Sligo Bridge.

Zleration of collar, 970 feet;

depth to top of Chattanooga 

shale, 187 feet.

Drill hole 0*5 aile north-north

east of Yoongi Bend road at

Bev Vie* School. Herat ion

of collar, 99** feet; depth

to top of Chattanooga shale,

15^ feet.
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Table 8£.  Location* of outcrop localities and drill

caps ace oniony Ins *^ 8 report  Continued

sliowk on

Cl^ DcHcIb Tann. Saithville
   ' J .

015 BaKalo

/

i
i

?cnn

i

Smithrille

^

Drill hole on north side of 

Toungs Band road 0.15 die

vest of its junction with un 

improved road leading south

n*ar H«v View School. Zlevs-

tion of collar, 1,015 feat;

depth to top of Chattanooga

shale, 157 feet.

Drill hole 0.9 nile south c£

7oun£8 Bend road, at end cf

uninproved road leading south

from near £av View School;

0*15 aile north of Pine Creek

end &t eastern edge of Snith-

Tille quadrangle. Xlevation

of collar, 963 feet; depth to

top of Chattanooga shale, 1^6

feet.
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Table 2^5. Locations of outcrop localities and drill holes shown on 

caps ctccocpanyi&g this report Continued

016 DoIC&lb

( '
i

C17 DeKalb

Tean,

Tenn

Saithrille

Saithville

Brill hole 0.^ aile northwest

of locality 69 on Pine Creek

and 0.15 nile east of read

connecting Youngs Bend road

on the north and Jefferson

Road on the south. El c rat ion

of collar, 1,006 feet; depth

to top of Chattanooga shala.

147 feet.

Brill hole on north side of

2rin» Mill road, 3-5 airline

ailes east-southeast of high-

vsgr junction at Smithrille;

0.6 Bile northwest of local

ity Cl4. Elevation of col

lar, 1,007 feet; depth to top

of Chattanooga shale, 136

feet.
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^. locations of 3oc«iilie* nsdl drill 
s this report

018 Tc/m. Sraithville

C19 DeXalb Tenn. Srcithvillo

hoi* on northeast «ld« of 

road connecting Yotmga Bend 

and Jefferson ro^da, 0,3 pile 

 outheaBt of its Junction 

vith Youngs Bend road; 0.6 

mile northwest of locality 

C16. 21 oration of collar, 

1,026 feet;, depth to top of 

Chattanooga shale* 206 feet. 

Drill hole on vest side of 

Students Borne road, about 1 

Bile north of vhers road 

crosses Pine Cre^k; 0.6 fidle 

southvest cf locality CIS. 

Herat ion of collar, 1,019 

feet; depth to top of Chatta 

nooga shale, 152 feet*
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sv*bio *; .

C20

of outcrop localities and drill holes 
thi« report  Continued

021

on

Tdji. SrAthvillo ?roa hi^bvcy Jiaaction &t Smith-

ville, 2.1 oiles eouth on 

Tennessee Kouto 56, thon 1.3 

milet e&st and eonthe&st on 

road loading to Students Hoae 

road; drill hole on eouth gi£e 

of road; Zleration of col 

lar, 1,025 foot; depth to top 

of Chattanooga sh&le, 157 

feet.

Tenn. Saiitinrille Froa highvcy junction at Smith-

1.6 Biles east on Ton- 

nesee« Route 26, then south 

east end eouth 1.9 niles on 

Svins Hill road; drill hole 

oa Bouthveit side of road. 

ZLcrration of collar, 967 f««t; 

depth to top of Chattanooga 

thai*, 128 feet.
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?]>.   

C22 DeKalb

ioftS t>f outcrop local HI-' "> f*/^ d 
a licconti.nyin^ this report   Con

"holes sK&wn

DeKalb

this ropo:

Tenn. Szaithrille Froa hichvny Junction

ville, 1.5 niles couth on 

Tennessee Houte 56, then 2.2 

miles east and south on road 

leading to Students Hoste 

road; drill hole on south 

side of road. Elevation of 

collar, 1,012 feet; depth tc 

top of Chattanooga shale, 

190 feet.

Tenn, Saithrille Drill hole in field 1 Bile east

of Junction of Tennessee 

Eoute 56 with Bart Vright Wood 

road, which is 1.5 sdles 

south of highwagr. Junction at 

Snitbrills; hole is north 

and east of road connecting 

Tennessee Botite 56 with 

Students Home road. Zleva- 

tion of collar, 1,031 feet; 

depth to top of Chattanooga 

shale. 145 feet.
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7 .'.-Mr oT oatcr^p localities .«n4 dc~n 1 hole*, 
iiccorj;fjj/ir» this report  Go

C25

Tean. Saithville Drill hole 1,5 ail&a pouth of
!

highvay Junction at Snitlh-

Tille, in southeast comor of 

intersection of Tennessee 

Boute 56 vlth road leading to 

Students Home road* j£Lova 

tion of collar, 1,041 fort; 

depth to.top of Chattsr.oog£ 

«halo, 166 feet.

Tean. Saithvilla Drill hole on southeast side of 

Short Mountain road, about O.c 

zaile southwest of its ^.mo 

tion vith Jacobs Pillar road; 

hole is aoout 2.3 airline 

Biles southwest of highva^ 

junction at Sadthvilla. 

21eration of collar, 1,071 

fett; depth to top of Chatta 

nooga shale, 128 feet*
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* j«~~ Locations of 0ulcTr>-> locr.litir:r, arxl drillholes 
rcrpa accG'^/KiAyicg this report  Continued

0*5

C26 ZteKalo

C27

C28 DeKalb

Tenzu Saithville

Tenn.

Team

Q&as&vay

Qaet&wey

262

Drill hole on east iide of 

Oano Rid^a road, 1 nilo al 

most due vest of locality C25. 

21evation of collar, 1,07** 

f«*et; depth to tor> of Chatta 

nooga shale, 151 feot.

Drill hole 1 zaile aluost due 

vest of locality C26, on vest 

«ido of road connecting old 

Tenneeset itoute 26 near Mar 

tins Chapel and Short Ikrua- 

t&in road at Hew Hoae ClLirch. 

Klev&tion of collar, 1,081 

feet; depth to top of Chatta 

nooga thale, l&l feet*

Drill hole on eaat side of road 

on ridge between Bluhatovn 

Creek e>nd Dry Creek, aoont 2 

nilet north of itt Junction 

with Short Mountain road 

north of Pisgah Choreh 

Cemetery. Zlevation of col 

lar* 1,093 feet) depth to top 

of Chattanooga mhale, 

feet.



C29 Term, Ges&avoy

C30 DeXalb

031 DeSalo

Tennj Emithrille

of ov*.rroT> loc.'iliti^s and drill hales ttoawn e>a 
thio report Continued

Drill hole 1.1 miles south of 

locality C2? near eastern 

edge of C&ssavay quadrangle, 

0.5 cile northwest of Junc 

tion of Short Mountain road 

and county road et 2fev Hoo«

  Church. 21 oration of collar, 

1,078 feet; depth to top of 

Chattanooga «hale, 197 foet.

Drill hoi* on nortfcveft side of 

Short >tount£in road, 1.5 cilcs 

ftouthveat of locality C25. 

Xlemtion of collar, 1,06? 

foet; depth to top of Chatta 

nooga shalo, 139 feet.

Drill hole on east side of 

Jacooa Pillar road 1.2 oiles 

eouth of ite Junction vith 

Short Mountain road; 1.4 

 11M alcoet dae eatt of 

locality 030* Sleration of 

collar* 1,039 foot; depth to 

top of Chattaaoogm shale, 

178 feet.

Snithrin*
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~s fjf outcry l&CQltt i<2" a/ad drill
in;; thlo report- Continued

C32

C33 DaKalb

Batalb

Term,

Tenn. Gc* saucy

Tcnn* Snithville Drill hole on vcfct sida of 7ca-

nissoa Routo 5^1 2.0 roc.d 

nllca couth of hl^vay Junc 

tion at Salthrills, south of 

intersection of highway with 

side road. Zloratlon of col- 

lart 967 feet; depth to top 

of Chattanooga shale, 1C? 

f*«t.

Gaa&avay On Pea £idga, between Clear 

Creek and £ry Creeks drill 

hole on south side of ros.4 

leading to £ry Creel:, about 

1.1 oiles northeast of Pea 

Bidga School. Zleration of 

collar, 1,123 feet; depth to 

top of Chattanooga shale, 133

264

Trill hola in eastern corner of 

tht road intersection at P^a 

Bide* School on Paa Bld£e» 

about 3 road ellee emit of 

Oaaaava/. Sleratlon of col 

lar, 1,1/K) f«et; depth to top 
of Chattanooga shala, 152 
feet.



J ,.-~Lc?caf c?Uttr<2p }oc3:nr»es g.wj tlirj U hole?*

^ (hi?; report   OoM'^ued

035

C36*

C37

Term. Oaitavay

DeXall)

Vhita Tenn. Sligo

I>rlll hole on vest eido of 

Eld^c road, about 1 road nils 

 outh of Pea Eid£* School. 

Elevation of collar, 1,120 

fe«t| depth to top of Chatta- 

nooga chald, 133 feet.

Drill bold on east eida of Pea 

Bld£« road, about 0.1 nlle 

north of Mt. Ararat Charoh 

and ccaetcry. 21orntion of 

collar, 1,157 feet; depth to 

top of Chattanooga th&le, 

182 f*dt.

Drill hoi* in corner of school 

yard at ?«al«d Chestnut, a 

f«v f e«t cast of Vhit«-2e£alt 

county lin«; depth to top of 

Chattanooga shale, 236 feet.
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11e* &nA

033 ; DeKalb * Slieo

039 DeKalb Teas.

Term, Sli£o

266

Drill hole at Indian Hound, 

south of road near Adcoac 

Church find c&netezy; south 

on Pinhook road fro a its in 

tersection vlth Teoinesaoe 

Houte 26 at Shiloh Church 

about 3*6 idles, then vest 

1*2 Biles to Indian Kound* 

Depth to top of Chattanooga, 

shale, 262 feet.

Prill bole on north side of 

Tennessee Boute 56 about 3.1 

Biles northeast of Jhlghvey 

junction at Saithville and 

Just vest of road leading to 

radio tovers. Depth to top 

Of Chattanooga shale, 1^2 

feet.

Drill hole at leltonburg, in 

northeast corner of road in 

tersection at church and csae- 

tergr. Depth to top of Chat 

tanooga shale. 3^ feet.



25.  Locationt of outcrop localities and drill holes eh own on

ftccoiroanyin-* this report Continued

Cannon Tenn. Short Houn- 
taln

042 Varren

Coffee

Texm. Centertova

Proa Voodbnry, 6.2 rsllct eputb 

ea«t on U. S« nighwey ?0 to 

Zonla roed, ejid 0.6 nlle 

eouthvest on Zonla road; 

drill hold on northeast tack 

of Porter Branch. Itepth to 

top of Chattanooga shale, 

feet.

Drill hole on north bank of 

Barren 7ork 3.6 road eilcs 

south of C&rtertovn on 

Troxtadale road, and 0.6 nlle 

north of Trotadale* Depth 

to lop of Chattanooga shale, 

124 feet.

Drill hole on northwest side 

of road 0.1 mile southeast 

of road intersection at Hoo 

doo. Depth to top of Chatt*- 

. nooga shale, 88 feet.
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Tsiblo £5. -Locations of outcrop localities and drill boles ehovn on

this reort Centizned

(M Coffee

C46

Moore

Varr«n

Tern*

Tenn

7enn«

Kanohester

Cusborlaad
Springs

Cardvell

Kountain

Drill hole 2 airline miles 

veat-northwaat of courthouse 

at J Winchester on bask of 

Brever Creak; follcv U. 5. 

Highwcor 1,5 nilofl northeast 

froa Manchester, turn left ca 

\minproyed road to creek* 

Depth to top of Chattanooga 

shade, 6 feat.

Drill hole on vs»t aide of road 

leading 'by Mt. Ethel Church 

to Tennessee Bouto 55* 0.5 

nile north of dan at Cunher- 

land Springs, Depth to top 

of Chattanooga shale, 9 feet.

Drill hole on east side of 

Xorth Shellsford road, 0.5 

nil* north of Shellsford on 

north Dank of Coll ins Hirer. 

Depth to top of Chattanooga 

 hale, 186 feet.
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liable Location* of outcrop localities and drill holoa ehotrci on 

accompanying this report  Continued

*7

C43

 

\

i

Karion

 

..

Sequstchio

_

^P^v*iy^

Tenn

JCetner Cap

An* '

-

.

2#

Drill holo in oast wall of

Sequatehia Velley near Ten-

neasofl Jbuto 279 about 1 air

line Eilo south of JCally

Chapol, on Jeep road leading

southwest to tho valley f roa

hairpin turn in tha highvey.

Depth to top of Chattanooga

shale. 294 feat.

!>rill holo about 5 oil 6* south

of !Tenn«sseo Bout« 8 on en

abandoned road that descend*

to the Talley from th« high-

vey et a point about a cjuar-

top of a milo eouth of a line-

stono Qu&rrjr and mina. Depth

to top of Chattanooga shale.

135 fee*.



 *-*»
Table £$.- Locations of outcrop localities end drill holes shovn on 

nape accoap&nyins this report Coatinuad

(*9

C50

Bl.d.o. j

Cuaberlcnd

Term.

7er.ru

-

Pikoville

Grasay Cove

' 

_ _ _

Drill hole about 2 nilet south

east of PilrcTillo and about

1,200 feet couth of prominent

. north bend in Tennessee Route

30, alone dirt road on south

side of a etreao. Depth to

top of Chattanooga ehale.

110 feat.

Drill hole in lovest part of

sick known as Crascy Cove,

about 10 airline ailes south-

oast of Crosarille, about 9CO

feet north of road intersec

tion at Grassy Core cocaun-

ity, and about 3CO feet vest

of Tennessee Eoute 68. Depth

to top of Chattanooga shale.

139 f«**»
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1
1
1

TGUL

;

Vest

Baxtsr 

9^i

Table ££. Locations of outcrop localities and dri}?. holce fcbova on 

rxaps accompanying this report Continu«d

C51 ; Jaclcson Tcun.; Cookerllle Troa Junction of Tennessee

Anita $6 vith old Cainsbcro 

road 10.3 oiles south of 

Colnsboro, southeast on old 

Cainsboro road 0*9 nile§ then 

east-northeast on road lead* 

ing to Cusadna Mill; drill 

hols on south eld* of road 

vest of Blackburn Ibrkr and 

about 0*2 nils southvest of 

Ctaaains Kill; depth to top of 

Chattanooga shale, 38 feet.

052 Patnaa T«nn, Baxter Southeast froa its Junction

vith Tsnnassss Bouts $6 in 

Bazt«rt 1«5 alias on road to 

east sidt of Mazvtll Branch, 

thsa south 0.6 ails on unla» 

proTod road; drill hols on 

vsst sids of road nsar csos* 

tsry OB oast slds. Depth to 

top of Chattanooga shals, 

14?



^-f

Table ?£r.  Locations of outcrop localities and drill hole? ohovn on 

oops accompanying this report  Continued

053 ;

C5*

055

Davidflon

Daridson

8»mn*r

: Tcnn.

Tern,

Tenn,

 

Forest GroT<

Vhite Hoase

o)rill holo on vest sid« of Buf

falo Boad 1.6 diles north of

ito J\mction with U. S. High-

\asy 70 t northe&et of Jrao-

tion with uninproTed road

leading northeast. Xtapth to

top of Chattanooga ehale, 51

fcot.

i Iron Cermantovn, 1.3 Biilee

eo-uthcast on U. S. Hi^ivay 41A,

th«n vest on unimproved road

in ralley of Canny Crack 1.3

idles; drill hol« on north

si do of road. Depth to top

of Chattanooga 8hal«, 15 feet.

Drill hole on north tid« of

road loading «&at, 0.3 silo

east of railroad crossing at

Baker* Station. Depth to top

Of Chattanooga shale, 17

feet.
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Tablo 35p.  Locations of outcrop localities end drill holea ehovm on 

cope acconp&nying thia report Continued

056

C57

058

Sxzancr

Sunner

-

Stonier

Tcnn.
, i 

i

Tenn,

Tena.

Cottontovn

Gallatin

.

Eartrrille

 

4MM

From Long Hollow Pike 1.5 nilefl 

vest of vhere it crosses Caap

Creek, 0.3 cll« northeast

along -unimproved road, then

0.6 mile north, them 0.2 mile

vest; drill hole on south

side of road. Depth to top

of Chattanooga shale, 14 feet.

Pron Junction of South funnel

road vith Tennessee Pout*

109 » 0.9 Kilo southvest of

South Tunnel; vest on road up

ralley of Station Camp Creek

0.3 nil*; drill hole on north

side of road. Depth to top

of Chattanooga shale, 58 feet,

Hear southeast corner of Sooner

County; 0.3 ail* vest-south*

vest of Volf Hill; drill hole

OB uniaprored road at inter

section. Depth to top of

Chattanooga shale, 52 feet.
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Table 23. Locations of outcrop localities and drill holea chovn on 

capo itccoTspanyins thia report Continued

059

C60

C61

 

Macon

K&con

 

Kacon

1

?crsu

Term,

T«nn,

Carth*£«

Carthas*

Btd Boiling

Spring*

 

Froa Lafayette, 2.1 dies east

on Tennessee Bouto 52, then

couth on road flovn Bark Hoi-

lov aoout 1,0 road mile;

drill hole on vcot eida of

rofid. Depth to top of Chat

tanooga shale, 34 feet.

J&otrt 1.6 road Biles cast of

road junction at Wills tt* on

Jenningfl Creek road; drill

hol« on north aid* of road*

21 era t ion to top of Chatta

nooga ehal*t 59 f«*t.

jfeout 6 airlin* sdl«s v«*t-»

northw«»t of Btd Boiling

Spring* and 0.7 oil* «outb-

vtit of Bo^tusaal on Tenn««a«»-

Xcntncky stat« lin«; driU

hol« 0.1 nila  outhvtst of

Corinth School on v*at iide

tf Lidc Cr««]e Eoad. Depth to
top of Chattanooga *hal«9 73 
*  *.

.



Table 2$. Locations of outcrop localities end drill holes ohovn on 

cap* cccorjp&nying thi* report Continued

C62 Sumner

C63

C64

Tsan, Cottontown Brill hole on vest Bide of to- 

improved road opposite Kt. 

Olive Church end Ceaetery. 

.Depth to top of Chattanooga 

ahale, 68 feet.

Stransr

Blotmt

Tenn.

Ala*

Cottontovn

£rook«ville

275

Drill hole 0.5 nile vest-north- 

veat of locality C<6 and 0.5 

sdle Bouth-southeauBt of local 

ity C6*2 t on east eide of road 

near Junction. Eepth to top 

of Chattanooga shale, 29 feet.

Froa BrookBville, 1.3 niles

vest on Alabac* Eoute 

int en action turn east-south- 

«a«t on dirt road 0.5 mile; 

drill hole on north side of 

road. Depth to top of Chat  

taaooga thole. 8? feet*



16 
Toblo £5*-~locations of outcrop localities and drill holec ehovn on

maps accoopnnying thit report  Continued

1
C65 Blotint   Ala. : (no nap) {

; i
< j

.
i

<

C66

I i
'

 

,

C67

C68

<

l

Blotint

£eSalb

DeJC&lb

j
i

Ala.

Tern*

Tenzu

[ |

(no nap)

Sligo Bridge

:

Sli^o Bridge

,

99K

Troa Blountsrille, 2.3 dies

northeast on /l&baaa Boute 38, 

then 1.4 miles enot- southeast

on dirt road; drill hole about

500 feet north of road inter

section. Depth to top of

Chattanooga a hale, 23 feet.

Jroa ELountarille 3.1 nilea

vesWfiouthvest on Alabam

Boute 39» then about 0.5 nils

 ontheast on dirt rood; drill

hole on south side of road.

Depth to top of Chattanooga

shale, 79 feet.

Prill hole 0.6 &ile southvest

of locality C9- Depth to top

of Chattanooga shale* 173

foot.

Brill hole 0.25 mile northeast

of locality C67. Dtpth to

top of Chattanooga shale*

168 feet.



2** 
Tablo «*>. location* of outcrop localities end drill holes ahovn on

caps acconpauying this report Continued

C69 DoKolb , Term* Sligo Bridget Drill hole 0.25 »il« southwest
. i

 '
i 
»

j

j
  i

C77 i

1

093

DeK&lb  

DeXal*

 

ji i
 

Sennj..

 

Tenn*

Sligo Brid£*
i

-

 

Sai thrill*

  ,

of locality 68 and 0.5 mile 

southeast of locality C15.

Depth to top of Chattanooga

shale, 150 feet. 

Drill hole on ridge betveen old 

Tennessee Boute 26 and present

Tennessee Bouts 26, about 0.3

Bile north of locality 79 and

0.3 rdle east of east end of

Sligo Bridge. Depth to top

of Chattanooga shale. 141

feet.

Drill hole on vest side of

Tennessee Boute 56, 725 feet

south of road intersection at

Shining Bock and 3.7 nil«i

south of courthouse at Snitb-

TiUe. Depth to top of Chat-

taaooe* shale, 139 feet.
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Table J§.  Locations of outcrop localities end drill holcn uhown on 

nape Bcconpanying this report Continued

09*

C211

0212

i

Wtalb

White

.

Qnmdy

Tonn.

Tenn.

Tenn*

 

Snithville

Lonevood

Trecy City

J -J

Drill hole in road fork about

450 feet south of Central

Branch and 1 nile east of

Tennessee Boute 56; about

2*5 miles southeast of local'

ity C93» Depth to top of

Chattanooga shale 136 feet*

70 feet east of Caney Fork

Hirer and 75 feet nortjt of

road at Podson's store, near

western edge of Lonevood

quadrangle, £epth to top of

Chattanooga shale, J60 feet*

Kagnolia Petrol eua Co* Patter*

 on no* 1 wall, 650 feet

northwest of road intersec

tion at Oreutli* Sleration

of collar 1.880 feet; depth

to top of Chattanooga shale.

1.455 feet*
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Table 26, Locations o.f outcrop localities and drill holes shovm on 

naps accompanying this report   Continued.

C301

C3Q2

Logon

Sinpson

flr.

Ky.

Dot

 

Franklin

Drill, hole on Ton BTOXTO

property, 8 niles south of

Ruseellvillo; from <£usGell-

 vile south on Kentucky Route

66, then west on uniraprovsd

road 0.4 mile; hole on south

side of road. Depth to top of

Chattanooga shale, 812 feet.

Drill hole 2 airline ailes

northeast of courthouse at

Franklin; in southvest

corner of road form on Jesse

Stewart property, about 0.4

mile west of the West Pork of

Drakes Creek.
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Introduction

7ro» the beginning of the Chattanooga ehale prograa in 194? t thd 

laboratories of the Geological Survey searched constantly for new neth- 

ods or codifications of old methods for deteraining snail arounts of 

uraniun in shale. Invaaticationa showed that the carbonate separation 

nethod was remarkably efficient and, in conjunction with the fluori- 

metric estimation of uraziiua* provided a simple method for determining 

s&all aisonntB of uraniun in fihalea, lignites, and Eonaziteo. The meth 

od, described by Guttag and Gricaldi (195^)» consists of igniting the 

 hale and doconposing the ash with sulfuric and hydrofluoric acids. 

in aliquot of the sanple is then mixed with a aodiua and potassium car 

bonate solution end centrifuged* A portion of the clear solution is 

evaporated in a platinum dish and fused with a flux (9 parts by weight 

Ba? and 45.5 parts each of SagCO^ and K^CO-j). The uranita is then de 

termined fluoriaetrically.

Tfatil the beginning of the Bureau of Mines drilling prograa in the 

Chattanooga shale in 1953* determinations of the uraniua in the shale 

were Bade with a precision of 10 ppa. Following a request that samples 

from the drilling be analysed with a precision of 5 ppm, the Survey 

made an extensive study directed toward determining:

1* fh« precision to be expected in the determination of uranium 

IB thml«9 by the fluorinetrio method*

2« ifly systematic differences in the results obtained by differ 

ent cheadsts.
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3. Whether any inhonogeneity is introduced in the grinding and 

splitting of eacples.

As a control measure, a standard sh&le sample vas included with 

each batch of staples analyzed for the program. Because this control 

eample vould be cmaly20d a large number of times, tho work vas so T>lan- 

ncd that vithout additional analytical effort valuable information re 

garding the precision of the analytical method and the adequacy of the- 

simple grinding and splitting techniques could be obtained*

Hature of the control grtrTOlo. As the Chattanooga shale is rathor 

homogeneous, grinding and splitting operations vere not considered 

likely to result in inhonogeneity due to segregation. Hevortheleso it 

vas desirable to check the possibility of segregation occurring during 

grinding and splitting operations. The shale control sanple vas pre 

pared f roa a large cample of three-inch drill core of the upper unit of 

the Gas savoy member by crushing to 40 mesh in a Jav crusher. 7 ire por 

tions, referred to hereafter aa splits 1 through 5, vert separated from 

this crushed saaple with a Jones splitter. Zach of these splits vas 

then finely ground in a haisaer Rill and portions of about 100 grams 

(the "A" samples) remored by quartering. Cae  3* samples vere the re-

 alnder of each finely ground sample after reaoTal of the "A* saarple. 

In the procedure usually followed for grinding sacples, only split

 I1 vould be finely ground (the remainder of the coarse material vould 

be stored) and the "A* portion of finely ground split -1* vould be sub- 

Bitted to the chemical laboratory*
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Tbt ten splits of th« atfmdfird aazrple are referred to a* con 

trol easplea and desl£n*ted »» folloirti

Table 1. Leaigaation of control eanplca

1
_T*»«« -*          »

&ub-3plit A

Sub-split B

Jonei split

1 2

i
a

f

b

£

3

0

h

4

d

i

5

 

j

2. .9 2.



Chonical procgd-are.* The uranium content of each Bftcple fiolutlon 

VSLS determined in quadruplicate as follows: an analyst dissolved one 

charge of naaple and then took two aliquots of the sample solution for 

the carbonate separation step. One celt vas prepared from each of those 

aliquot* and the fluorescence measured* The remaining sample solution 

vac transferred to another analyst for check determinations, vho in 

turn took tvo aliquots for the carbonate separation, prepared a melt 

from each aliquot and measured the fluorescence of each. In general, 

one or core days elapsed between the initial and check determinations 

on the same sanrple solution. Both the initial and checking analysts 

regularly prepared their ovn standard fluorescent melts for calibrating 

the ins trim eat«. Two reflect ion-type fluoriiaeters vere used; these

vera modifications of the fluoriaeter previously described (71 etcher
/
;and Kayt 195*0 and had as a light detector a 1P21 photomultiplier tube

vhose output was measured vith an electronic microaometer.

Assignment -plan for control sample a,  >A pair of control samples 

vas analysed with every group of about 20 shale saszples. The desigs 

for analyzing the control samples is sumaarised in table 2, The con 

trols were assigned ia $0 paired combinations designated by arabic num 

erals* As the members of any one pair me never separated during anal 

ysis, the treatment received by each vas as uniform as possible. There 

fore, daring the course of the study tea separate solutions, tvoby each
/

analyst, were prepared fro» each of the tea control samples and forty 

fluoriaetric measurements vere obtained for each sample.
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The fire analyste are Indicated by florin numerals in table 2. 

In sone cases, the initial and checking analyst a vere the saae person 

(the diagonal running fron pairs 1,6 to ^5,50) tut in the tables below, 

check values are treated with those of the checking analysts.

Analytical rs3ult9.~»Ihe uranlua vrlues in parts per million for 

the ten splits are given In table 3. The sasrple pairs and a«3ignjcants 

are shown in a similar pan nor as in table 2. The values obtained for 

each of the t«o fluorinetric meawurenents by the analyst who pr«?par«d 

the sample solutions are given to the left of the sample designations 

(a through J) End th^ two obtained by the Analyst checking the solu- 

tions are shown italicized to the right. Thus, analyst 7 analyzed two 

pairs (5tlO) v table 2, of control samples gth n.nd hy i, the solutions 

of vhich vere then transferred to analyst I* In the case of sasrple g, 

analyst T obtained the values of 74 ppn IT and 76 pps U on two aliquots 

of the solution (table 3) I analyst I obtained values of 60 ppn U end 

83 ppm 17 on two other allquots of the seme solution.

The average results obtained for the ten splits in those deter- 

ninations vhich vera oade by the initial analysts are tabulated in 

table 4* A similar tabulation for the check determinations (italics 

in table 3) is given in table 5*

295



O Jfr
co r-   
NO r\D- r-

** ft

M 
co

CO

cp 
3r

 -<
CO

Oc«-

co

co
o
CO

CO

t<
c; 
p
v.
4-» 
^
t; 
P

r, 
o

I

o
CO

o
CO

o

o
co  
O>c-

cc
t*-
cc

& &co co   
0 -£
CO CO

O 
CG

\r\ 
cc

CO 

A

10

O
CC

CO

0
CC

o
CO
 

r4
CO

o
CO] CO

1ol0| CC 
CO

co

co

0
co

 HO

S §
co

\r\

O f\ 
GO NO

O 
CC

VI
O

 vo

CO f%
t^ CO

»  

O CNr- co

NO NO
m  

NO NO

CO
 

CC

10

CO
  

NO
CO

co

CN
 

c*.

X ___ N



An
al

yt
ic

al
 r
es

ul
ts

 
In
 p
*r
ts
 p

*r
 n
il

li
on

--
Co

nt
in

ue
d

n T

82
,8

2 
1 

83
.8

2

83
,8

3 
'J

 8
1.

77

85
,8

3 
6 

86
,8

8

8.
3.

05
 *

 8
7.

35

74
,7

6 
e 

80
. 8

 3

76
,7

4 
h 

85
,8

2

75
.7

3 
h 

81
.8

4

74
,7

8 
i 

60
.7

6

82
,8

2 
a 

79
.7

8

78
,8

0 
c 

2
L

£
lt

83
,8

5 
c 

75
.7

5

85
.8

5 
B 

Z
L

Z
L

73
.7

4 
i 

78
.7

8

72
,7

4 
f 

7
0
^

85
.8

6 
f 

79
.7

8

80
,8

2 
d 

7?
.J

Jt

82
,8

2 
b 

7
5
^

78
,7

8 
d 

78
,7

6

85
.8

5 
d 

g
^
T

J

83
,8

1 
a 

80
,7

6.

79
,6

1 
  

73
.7

r3

85
,8

3 
a 

7?
. 7

6

00
.7

7 
o 

76
.7

^

83
,8

2 
  

73
.7

7

83
.8

3 
» 

8^
.S

4

82
,8

3 
fe 

8?
,Q

3

79
,0

1 
f 

80
.7

9

78
,7

9 
* 

£
L

!2

69
,6

9 
d 

87
.8

7

70
,7

0 
J 

8
?
.^

65
,6

6 
J 

85
.8

5

70
.6

9 
o 

83
. B

l

83
,8

2 
J 

82
. g

p

82
,8

2 
« 

80
.7

8

82
,8

2 
h 

78
.8

0

83
,8

2 
1 

82
. f

i^

75
.7

6 
D 
£
m

77
,7

4 
£ 

75
.7

3

75
,7

5 
* 

75
.7

5

74
,7

5 
* 

75
.7

5



Table Averag* ur&ni-ua content by initial

Jones split

Sub-split 

Sub-split

Ayar&ge

A

3
a 78. 

f 73.

78.

n !
6 !
?!

b 78.9

77.7

o 77.3

h 78.2
.       

77.7

d 

i

77.6

78.9

78.2

  78. 

J 76.

77.

i ;

H
3 1

78. 

77.

77.

14 

74

94

Sable 5«  Average urenitci contont by checking axalyeta (ppn)

Stxb-split A 

Sub-split 3

Arerag*

J

1 i 2

a 78.7 T> 77.7 

f 78.5 g 79.2
:
i

78.6 1 78.4

Tones epl

3    i  

c 78.2 

h 78.8

78.5

.it ' ;

, i i 
4 ! 5 ( .*7era^re^

i 
d 78.9 e 77.6 \ 78.22

i 78.4 J 80.8 I 79.14
f !

78;6| 79.2 j 78.68
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Th« results ^roupod by analysts are given in teble 6. Dotaraina- 

tions made by the initial analysts are given in the first row and de- 

terninatlona of the checking analysts in the second row*

Table 7 presents values, grouped by analysts, for the average dif 

ference b«»tveon Beasnreaentc on duplicate all quota of er.ch of the forty 

solutions run by each analyst. (The first row gives the average differ 

ences for the Initial analysts, the second row gives the differences 

for the check analysts.

(The standard deviations of a single fluorimetrio measurement cal 

culated for each of the analysts ere given in table 8.

2ach of the ten control sanples was analyzed tvice and at differ 

ent tines by each of the analysts. Table 9 summarises the data for the 

average differences between such values. In calculating this data* the 

value for each determination «&* obtained by averaging the duplicate 

fluorioetrio aeasureaents made on pairs of aliquott of each of the so 

lutions*

In arriving at a uranlua value for each of the samples analysed, 

the arithmetic oeaa of the four fluoriaetrio determinations for each 

saaple vas used* A realistic neaeure of precision therefore is obtain 

able by calculating these means for each of the 100 deconpo sit ions 

Bade of the ten control saaples, and then calculating the standard de 

viations. These standard deviations ere given in tablet 10* Although 

tabulated by Initial analysts, it is understood that alnost half of the 

measurements entering into the Beans were mde by analysts other than 

those at the head of the coluans.

299



6» 'Results groupad "by analyst* (ppia)

II III IV

At initial analyst 75.8 76.8 79.4 62.2 75.6 77.9^ 

A» checking analyst 81.2 78.2 76.2 81.6 76.2 : 78.65

Table 7. difference betvaea analyses of duplicate aliqtu>te 

(ppa)

Aiwlvrt

I
i

II III 17 T I Averaflc.

Initial
cete^E

Check duplicate

3.5 3.7 2.8

2.6 2.5 2.6

0.8 1.6

.8 2.08

of all 3.0 2.7 0*8 1.7 2.26

8.  'Standard darintioni by analysts of a fluorijaetrio

Initial determina 
tions

Cbecfe d et err? Ijifit ions

Both

Analyst

I II III

4.83 7.22 3.67

1.30 4.J*7 3.16

^.91 6.01 3.76

IT T

j 
2.03 ' 5.17

All

5-^5

2 /f  » h *>f\ ' 1. ^ Q 
.03 *^. f.\J   ^^ID

i

2.15 ^.£9 4.91
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Table 9. Ayercga differences bottfftoa two dcterpinatione on tha &n 

rplo analyzed at different tixa* toy the RCJSO analyst (ppa)

II III IV

Difference ty initial i 

analyst 6.0 5*0 3*9 ; 2.3

Difference by checkias !i

analyst 3.0 5-9 3.0 2.6

' 

i

5.2 ; 3.9^

of both 5.5 3.5 2.4 5.3

Table 10.  Standard deviation* of arithnatic by analyBtfi

Initial

II III IT All

Standard deriatioa 2.76 4.23 1.95 2.06 2.13 3.22



ng oil th» doterninations, the uranium content of the con 

trol soaplcs ic 78.3 ppa vith a- standard deviation for A tingle fluori- 

netrio coasureraent of ^.9 PP5*-

The differences in the avoni^s uranium contents of tho five Jonos 

splits and the "An end M3H sub-splita (tables 4 and 5) tiro well within 

the errors of the doteralnAtion. Thore ia therefore no indication of 

any inhonogcneity being introduced by tho grinding and splitting steps.

The results donionstrate that there are systeaatic differoncea ue- 

tveen analysts. The uranium values euinnarizdd in table 6 ehov differ- 

enc69 in thd averages which exceed the error of an analysis end shot? 

thc.t analyst* day run high or low consistently.

Analysts may also differ in tha reproducibility of th«ir determin 

ations. As can be ceen from tables 7 throush 9» arslyst 17 obtainac 

consistently more reproducible results than the other four. His fiver- 

age difference between duplicates was about one-third those of tho 

other analysts. Analyst XT also had the smallest differences between 

determinations on the sa&e saople analyzed at different times (table 9), 

hit difference being but one-half those of the other analysts.

In reporting analysis, we consider a determination as the average 

of tha single fluorimetric measurements on each of the four replicate 

aliquots of the sane solution. The standard deviation of 3.22 prn 

(tstile 10) ia the aeasure of the precision of such averaged results for 

the saaples analysed in the Chattanooga shale program. These results 

areVeasonablr within the requested precision of 5 ppa.
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Aeknovlc d£ncnte

participating analysts in thla ttudy: were Joseph Budinaky, 

Joan Cederstrflsd, Carnea Johnson, Mary Jonlyn and Jess* Warr. Dr. 

V. J. Touden of the Kational Bureau of StcndArda a^cinted greatly in 

planning the study And analyzing the data.
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9»   Equivalent ur-'minra ftni uivmia-n 
Chnltttnocy.a ohalo

] yuan of

Unit designationsj

n«a«

nwmbori

Cup Fhosphutic zone at top of upp^r unit.
Cu Upoor unit, excluding phoopnalic zone wheeo prenont
Gm Kiddle unit
Cl Lower unit  
Gzp Phoaphitio zone at top of undivided norabar
Gz Undivided io«mbor, excluding phoaphatio sono

	v/hcro prouont 
' 0 Total racnbor

.Dowolltovm member:

Du Upper unit :   .
Dl Lorsr unit
Dz Undivided member

Not sampled 
Not analyzed

Sample

Field 
nq.

Labor -*t ory 
no*

 > 

Unit

Analyses

Thickness, 
foot

oU, 
percent

.V,
pe rcenv

Locality 4 
(Flold no. 17R-6)

j/Samplors: R. C. Robeck, L. E. Shirley. Analj'sts (T\^C- 
Harry Levine, Norm* G^jttag, Alice CaentRerer (analyses to 
precision of / .001 only). Oil yiold analyses, table

1-3 .....
4-19 ....

1-16 . . .

17320-17322
17323-17338

     

Gzp
Gz
G

6.25
32.50
38.75

0.005
.006

O.OOiS

0.00?6
.0041

O.OQ3S

Locality 12 
(Field no. 16P-1)

R. C. Robeck, L. E. Shirley. Analysts (WTC-1534); 
Harry Levine, Norm a Guttaj*, Alice Cao.Tneror (analc'a^s to 
precision of_£ .001 only). Oil yield analyses, table

1-3 .....
4-15 ....

1-15" . . .

17291-172Q"?
17294-17305

     

Gzp
Gz 
G

6.00
23.10""29". 10

0.005
.007 

O.OD?

0.0030
.0052 _ 

0.0047

Locality 16   . 
(Field no. 15N-12)

: J. R. Houston, J. C. Reed, Jr. Analysts (TWC-5485):
R. Hooro, W. P. Tucker, B. A. KcCall. Chenical and oil yield
analyoos, tables 1, 19, 20. Spoctro/».rnphic data, fig. 1^7

lla .....
Ub-13 . . .

llA-13 . .

f*   -   ....

2269
2270-2277
...
227 n

Gzp
G7.

G
Uz

3. CO
3/1.65

JV.65
1.18

n.a.
n.n.
n.n.
n.a.

0.0028
.0056

0.0'OS^
0.0021



Sample

Field 
no.

Laboratory 
no.

Unit

AnalycoB

Thickncao, 
foot

ell, 
percent

y»
porcon

Locality 22 . : 
(Field no. 14L-5)

/Somplcrp: J. R. Houston, J. C. Rccd, Jr. Analyoto-(TY/C-14G6, 
5548): U. Koovo, W. P. Tucker, B. A. McCall. Oil viold 
analyses, table 20. Spectrographic data, fig.

lla-llb . . 
llc-13. . . 

Ua-13 .
21-23 . . .

2191-2192 
2193-2197

     

     

Gzp 
Gz
G
Dz

4.00 
9.23

!3.i-'3
5.41

0.004
.008

0.00?
n.e.

0.0030
.0060

0.0051L
n.a.

  Locality 25 
(Field no. UK-6)

/Samplers: J. R. Houston, J. C. Reed, Jr. Analysts (TWC-5530) ' 
R. Moore, YT. P. Tucker, B. A. KcCallJ7

11-12 ...
13-16 . . . 

11-16 . .
22-23 . . .

2201-2202 
2203-2206 
...
. . .

Gzp 
Gz
G
Dz

A. 18
8.44

12.62
4.34

0.005 
.000

0.007
n.a.

0.0039
.0050

O.OO46
n.a.

.     Locality 27
(Field no. 1AM-16)

/Samplers: J. R. Houston, J. C. Reed, Jr. Analysts (TWC-2S87): 
Joseph Budinsky, Carmen Hoy, W. P. Tucker, B. A. McCall/

lla-llb . . 
12-52 ... 

lla-22. .
2^-24 . . .

3353-3354 
3355-3361

33^2. -3363

Gzp 
Gz
G
Dz

3.85 
13.97
17. S2
4.00

0.005 °i?
0.006
0.005

0.0037
.0048

0.0046
0.0018

Locality 29 
  . (Field no. UM-9)

/Samplers: J. R. Houston, J. C. Reed, Jr. Analysts (TV/C-2887): 
Joseph Budinsky, Carmen Hoy, W. P. Tucker, B. A. McCall./

lla-llb . .
llc-12. . ..
13 ....
U-15       
lla-15

21-23 . . .

2219-2220
2221-2223

2224
2225-2226

2227-2229

Gup
Gu
Cm
Gl
G
Ds

3.91
5.85
1.95
3.90-
15.61
4.90

0.005
  .008
.007
.006

0.006
0.004

0.0021
.0053
.0038
.0035

O.OQ38
0.0010

Locality 31 
(Field no. 14N-3)

/Samplers: J. R. Houston, J. C. Reed, Jr. Analysts (TVC-2637): 
Audrey Piefsch, Mary Joslyn, Joan Smith, B. A..KcCali7

11-12 
13-16 
21-22 
31-32

11-32
Al .
51-53

2246-2247 
2248-2251 
2252-2253 
2254-2255
...
...

2256-2251

Gup 
Gu 
Cm 
Gl
G
D\t
1)1

4.00 
7.83 
3.14 
3.^6

18.63
1.3rt
4.90

0.004 
.007 
.007 
.006

0.006
n.n.

O.OO/,

0.0023 
.0045 
.0044 
.0045

0.0042
n./v.

0.0016



t!)

TftMo 9i~Kr»u l vft ^ f; 'r't urnnJun nrvJ ur/iniim nna)ynon of
- continued.

Sample

Field 
no.

Laboratory 
no.

Unit

Analyooo

Thickncoo, 
foot

oU, 
percent

«,
percent

Locality 34   ' 
; , (Field no. 1AK-U)

J/Saroplorot J. R. Houoton, J. C. Rood, Jr. Analysts (TWC-2flG7)t 
Joooph Budinoky, Carmen Hoy, W. P. Tucker, B. A. McCall7

lla-llb . . .
12-1? ....
18 .....
19-20 ....

lla-20 . .
21.31-32 . .

3327-3320
3329-3334

3335
3336-3337

     
3338-3341

Gup
Ou
Gn
Gl
G
Dz

4.48
U.23
1.66
3.34

20.71
6.92

0.005
.008
.006
.006

0.007
0.004

0.003/1
.0064
.0042
.004*

0.0052
0.0013

Locality 39 
(Field no. 14M-8)

^/Samplers J. R. Houston. Analysts (TWC-2887): Joseph Budinoky, 
Carmen Hoy, W. P. Tucker, B. A. McCall./

lla-llb. . .
12-15. . . .
16 .....
17 .....

lla-17 . .
21-23. . . .

330S-3309
3310-3313

Oil 1331A
3315

3316-3318

Gup'

Gu
GDI
Gl
G
Dz

3.01
7.80
o riQ

1.97
U.78
5.50

0.005
.008
.006
.006

0.0'06
0.003

0.0022
.0054
.0036
.oo#e>

O.GO^j.
0.0016

Locality U3 
(Field no. 1AM-15)

^Sampler: J. R. Houston. Analysts (TWC-2887): Joseph Budinsky, 
Carmen Hoy, W. P. Tucker, B. A. KcCallj?

11-12 ...
13-16 . . .
21-22 . . .
31 .....

11-31 . .
U .....
51-52 . . .

33/»2-33A3
33/^-3347
3348-3349

3350
...
...

3351-3352

Gup
Gu
GDI
Gl
G
Du
Dl

3-U
8.00
2.60
2.2/v

15.93
2.77
4.05

0.005
.007
.006
.006

0.006
n.a.

0.005

0.0025
.0044
.0025
.0038

0.0037
n.a.

0.0033

Locality 54 
(Field no. 14K-2)

^Samplersi J. R. Houston, J. C. Reed, Jr. Analysts (TV/C-2887):. 
Joseph Budinsky, Carmen Hoy, W. P. Tucker, B. A. McCall7

lla-llb . . .
12-15 ....
21-22 ....
31 .....

lla-31 . .
41 .....
51-53 ....

3296-3297
3298-3301
3302-3303

3304
...
    .

3305-3307

Gup
Cu
On
Gl
G
Du
Dl

3.00
7.78
4.53
1.93

17.34
3.29
4.94

0.004
.007
.007
.006

0.006
n.A.

0.004

0.0025
.0052
.0051
:0038

0.00/»6
n.a.

O.O009



Tablo 9»' Equlvnl'mt ur/inlui.-i .ou'l urnrilu-n H- ( Mlyr:<>r. of
" - continued.

Sample

Plold 
no.

Laboratory 
no.

Unit

Analyoott

Thickncoo, 
. foot

eU, 
porcont

"f 
percent

Locality 59 
(Field no. 13«-24)

^Sampler: V. E. Swanoon. Analyoto ( TWC-1640): Alice Caerancror, 
B. A. McCall (analyses to precision of_j£ .001 only).

111-112 .
113-120 .
121-123 .
131-133 »

111-133
41-/»2 . .
51-52 . .

101782-101783
1017C4-101791
101792-101794
101795-2,01797

     

  * *

     

Gup
Gu
Gn
01

G
Du
Dl

2.CO
7.93
2.70
3.25

15.93.
4.3*
4.24

0.005
.009
.'005
.006

0.00?
n.a.
n.a.

0.0045
.0072
.0038
,CCW£

O.QD56
n.a.
n.a.

Locality 60 
(Field no. 13L-22)    

^Samplers: R. E. Snlth, Edward Berry, Charles Katlin, Lee 
WiHman. Analysts:(TWC-6336): Joseph Budinsky, B. A. 

McCaH. Oil yield analyses in tablo 2Q/

lla-llb . . .
llc-15 . . .
21-22 . . . .
31 ......

llA-31 .  

41-43 ....
51-53 . .

2026-2027
2028-2032
2033-2034

2035
...
...

2039-2041

Gup
Gu
Gm
Gl
G
Da
Dl

2.84
9.03
3.02

" 2.00
16.79

5.29
6.03

0.005
:.003  

.006
  .006
0.007
n.a.

0.004

0.0026
.0054
.0033
.0042

O.CD40
n.a.

o.ooa

Locality 64 
(Field no. 13M-7)

^Samplers: J. E. Johnston, J. C. Reed, Jr., Cftatles Katlin. 
Analysts (TVXJ-2808): Mary Joslyn, Joseph Budinsky, W. P. 

  Tucker, B. A. KcCall. Oil yield analyses, table 20^7

12-16 . 
21-22 . 
31-33  

11-33
U-43 .
51-53 .

2042
2043-2047 
2048-2049 
2050-2052
...
...

2053-2055

Gup
Gu 
Gm 
Gl
G
Du
Dl

2.10
8.87 
2.87 
5.75

19.58
5.81
5.15

0.004
.009 
.006
.007

0.007
n.a.

0.004

0.0022 '
.0065 
.0037- 
.0041

0.0053
n.a.

0.0015

Locality 67 
(Field no. 13L-13)

^Samplers! J. E. Johnston, J. R. Houston. Analysts (TWC-5450)i 
Roosevelt Koore, B. A. McCallj.7

12-U .
21-22 .
31-32 .

12-32
/0-44 .
51-53 .

2015-2017
2018-2019
2020-2021

  » »

* * *

  * *

CuJL/
Ga
Gl
G

IXi
1)1

5^23;
2.96
2.95

11.14
7.57
5.40

0.009
.008
.008

0.008
n.a.
n.a.

0.0066
.0047
.0064

0.0060
n.a.
n.n.

Top foot of oample 12 may bo phosphatic tone, but was not 
separated in sampling.



9' 1   J J-..-. ;ui/i)yr.<n of

('A' , . Sonplo

Wold 
no.

La born to ry 
n0.

Unit

Annlyituo

'Jhictaieris, 
foot

oU, 
pa re on t

«* 
poreont

Locality 68 
(Field no. 13K-32)

V. E. Swnnson. Analysts (TVE-2435), "Staff", 
(Analyses to precision of^f .001 only)j/

11-17 .... 
21-23 .... 
24-35 ....
r_. 11-35 . . .

99837-99843 
990»5-99C/,6 
99847-99253

Cu 
Qo 
Gl
G

6.28 
3.00 
5.95

15.23

0.009
.006 
.007

0.007

0.0073 
: ,00/,6

-0055
0.006L

(Dowelltown member not moa sored nor oarcplod) :

Locality 70 
(Field no. 13M-30)

^/Sampler: V. E. Swanson, Analyst (TWC~6335)i Joseph Budinskj/

11-21 ....
22-23 ....
31-36 ....

11-36 . . *

99819-99325
99826-99827
99828-99833

    *

Cu
Cm
Gl
G

7.10
1.98
6.U

15.22

a1 , a.
n.a.
o.a.
n.a.

0.0080
.0037
.0060

0.0066
(Dowelltown member notmeasured nor sampled).

»
Locality 73

(Field no. 13K-1) 
^Samplers: Andrew Brown, Loe Willman, J. C. Reed, Jr., Analysts 

(TWC-2661): Kary Joslyn, Audrey Pietach, B. A. McCali, 
Oil yield analyses, table

lib .....
12-16 .... 
21-22 .... 
31-34 ....

llb-34. . .
U.S. ....
£1-53 ....

1944
1945-1949 
1950-1951 
1952-1955
...
...

1956-1958

Gup
Gu 
Gra 
Gl
G
Du
Dl

1 Qft
9.68 
2.84 
7.01

21.51
8,03
5.59

0.005
.008 
.006 
.006

0.007
n.A.

0.005

0.0020
.0049 
.0040 
.OOJO

0,00*5
n.a.

0.0025

Locality 74 
.   (Field no. 13M-4)

^Samplers: J. C. Reed, Jr., Lee V/illinan, EdwardBerry, L.E.Shirley. 
/nalycta (TWC-2661): Kary Joslyn, Audrey Pietech, B. A. McCalJ7

lla-Ub .
12-15 . .
21-52 . .
31-34 . .

lla-34
n.o. ....
^1-54 ....

1959-1960
1961-1964
1965-1966
1967-1970

    .
...

1971-1974

Gup
Gu
Gta
Gl
G
Du
Dl

2.56  
7.38
3.06.
8.42  ,

21.42
9.39
5.71

0.005
.007
.005
.007

O.CC6"
n.a.

0.005

0.0023
.0038
.0024
.0040

0.0035
n.c.

0.0020

rat

Locality 75 
(Field no. LC-4)

Andrew Brown, R. E. Smith. Analyst (TWC-5V»3)i 
Roosevelt Moore^J

12-16 . .
21-22 . .

' 31-34 . .
12-34 .

43-47 .
51-5/' ....

12-16
17-18

194-197
...
...
  * .

Cu
On
Gl
G
IXi
Dl

7.69'
2.87

_7,67
lft.23
9.77.

16-77

n.a.
n.a.
n.a*
n.n.
n.n.
tve-

0.0070
.0034
.CC62'

0.0062
n.n.
it. a-



;i»t ur.. 
Ch-ittnnoo/;:i - continued*

Cfttapl o

Field 
n6.

Laboratory 
no.

Unit

Amlyceo

Tliickncso, 
foot

cU, 
porcont

",
percent

Locality 83 
(Field no. LC-50)

*

^Samplersi Andrew Brown, R. E. Smith. Analynto (TWC-2570)t 
Blanche Inertia, B. A. l!cCall7

12-n ....
21-22 ....
31-35 ....

12-35 . . .
Al-46 ....
51-» ....

115-117
118-119
287-291

     

  *  

Ou
Cm
01
G
Da
Dl

5.6?
2.57

10.05
18.29
10.76
7.05

0.010
.00?
.008

O.CK>8
n.u.
n.G.

0.0073
.0039
.005fc

0.0-059
n.o.
n.a.

Locality 86 
(Field no. LC-8)

^Samplersi R. E. Smith, W. A. Hock. Analysts (Twc-545l)t 
Roosevelt Monre, Cannon Hoy, Mary Joslyn-J/

12-15 ....
21-22 ....
31-35 ....
.. 12-35 . . .

49-52
53-54

213-217
     

Gu
On
Gl
G

6.25
2.49
8.70

17. U

n.a.
n.a.
n.a.

n.a.

0.0074
.0042
.0062

0.0063
(Dowelltown member covered, not rneaeurecV)

Locality 89 
(Field no. LC-30-)

^Samplers: Andrew Brown, R. C. Robeck, R. E. Smith. Analysts 
(TWC-2570)t Blanche Ingram, B. A. KcCallJ

12-14  
21-22 .
31-34 .

12-34
41-45 .
51-52 .

89-91
92-93
94-97
...
...
...

Gu
Cm
Gl
G
Du
Dl

4.96
2.50
7.7?

15.19,
9.27
3.51

0.010
.005
.008

0.003
n.a.
n.a.

0.0058
.0033
.0047

0.0048
n.a.
n.a.

. . Locality 91 
. (Field no. LC-17

j/Saraplersi R. E. Smith, Andrew Brown.
W. P. Tucke*7

Analyst (TWC-5479)»

12-15 .
21-22 .
31-34 -

12-34
41-46 .
51-53 .

81-84
85-86

. 262-265
...
...
{    

Gu
On
Gl
G
Du
Dl

7.00
2.36
7-55...

16.91
9.29
5.95

n.a.
n.a.
n.c.
n.a.
n.a.
n.a.

0.0058
.0043
.0058

O.OQi$6
n.a.
n.a.

Locality 92   . 
(Field no. LC-15) " '

R. E. Smith, Andrew Brown." Analysts (TWC-2915)» 
Cannon Hoy, Alice Caemmoror. Oil yield analyses, table 20_7

12-15 .... 
21 .....
31-33 ....

12-33 . . .
4 1-45 ....
51-53 ....

41-44 
45

253^55

...

. . .

Gu 
Cm
Cl
G
Du
Dl

1.97
r 6,10

15.07
8.<?tf
6.10"

n.a 
n.a
n.a
n.o
n.a
n.a.

0.0069 
.0036
.0049

0.0055
n.a.
n.o.



- . ,ul  ..!  ' v. ;  I., 
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Fiold 
no.

Labor/dory 
no.

I Ur.it

toOy. 

'iiiicLncot-,
foot  porcpnt

f _-   i -   MMU »oro ««nt »   > » _ >   IM

Locality 96 
Fiold no. RC-8)

/Samplers: R. C. Rebeck, L. E. Shir ley. Analyots (7WC-2636)t 
Audrey Piotoch, Dltinche Ingram, B. A. tt

15-15 .... *"l
33-34 ....
T 32-34 . . .
41-/.4 ....
51-53 ....

191£-1915 
1916

1917-19^0
« . .
«     .

1921-1923

Cu 
On
Gl
G
Du
Dl

5.33 . 
1.85
J--A4
32.72
8.60
5.H

0.009. 
.006
.008

o.oon
n.a.

0.006

0.006? 
.0042
.00*6

0.0059
n.a.
0.0027

Locality 97 
(Wold no. RC-5)

: J. B. Johnston, L. E. Shirley. Analysts (TWC-2523): 
F. S. Gifi$aldi, Irving May, B. A. KcCallJ

12-14 .... 
21 .....
31-34 ....

12-34 . . .
41-45 ....
51-53 ....

18889-18891 
18892

18893-18896
     

    4

  » *

Cu 
Gm
Gl
G
Du
Dl

A. 01 
1.50
,5.99
11.50
8.23
4.71 _.

0.009 
.006
.008

0.007
n.a.
n.a.

0.0072 
.0051
.0061

0.0064
n.s.
n.a.

Locality 99 
(Field no. RC--4)

^/Samplers: J. E. Johnston, L. E. Shirley. Analysts (TWC-2522): 
F. S. Griroaldi, Irving May, B. A. McCall. Oil yield 

analyses, table 20^7

12-U .... 
21 .....
31-35 .17. .

12-35 . . .
41 .....
51-53 ....

2107-2109 
2110

2111-2115
...
...
...

Gu 
Gm
Gl
G
Du
Dl

4.12 
T <n
8.00

14.05
7.35
4.77

0.011 
.007
.008

0.009
n.a.
n.a.

0.0094 
.0046
.0068

0.0073
n.a.
n.a.

_ I/ Samolo 33, 1.50 feet thick, analysed 0.0130 percent U, 
See text, page .

' .  Locality 100
(Field no. LC-60)

^Sampler* C. E. Baker, Jr. Analysts (TWC-5448)t Rooeevelt 
Moore, B. A.

12-14 .... 
21 .....
31-33 ....
,._ 12-33 . . .
^1-4/1 ....
51-54 ....

968-970 
971

971-974
...
...
. . .

Gu 
G&
Gl
G
tfu
Dl

5.56
2 OQ

6.17
U.02

8.V?
6.40

0.009 
.007
.008

0.008
n.a.
n.a.

0.0053 
orno

.0053
0.0051
n.a.
n.a.

Locality 101 
(Field no. RC-6)

^Samplers! R. C. "Robock, J. E. Johnaton, L. E. Shirley, Analysts 
(TWC-2626)! W. P. Tucker, B. A. KcCall. Oil yield 

analyses, tnblo 20.7

12-15 
21 .....
31-34 ....

12-3/. . . .
AU/,5 ....
*Jl- riL ....

2119-2122 
2123

2124-2127
. . .
.   . .

212^2131

Oa 
Gm
01
G
Du
Dl.

6.02
i ^y
6.11.

13. IS
7.HJ '
7.13

0.008 
.006
.007

0.007
n.i .

0.006-

0.0063 
0.0047

O.oc>5?
n.i.

Q.OQL"*



9i Kqul.vil'Jiit uranium and uranium nnalya^a of 
Chatt/inoo/*a nhnlo - continued* '

Snmplo

Field 
no.

Laboratory 
no.

Unit

AnOysoo

Tniekno33 f 
foot.

oU, 
porcont

«,
porcoiit

Locality 103 
(Field ho. RC-2)

/Samplers: n. C. Robock, J. E. Johroton, L. E. Shirley. Analysts 
(TV£-2522)» F. S. Crimaldi, Irving May, B. A. McCallJ

21 1 i I . . 
31-34 ....

12-34 . . .
4>44 ....
51-54 ....

2076-2078  
2079 

2080-2083
     

      

. . .

Gu
Gm 
Gl
G
Du
Dl

3 0;

1.22 
7.10

12.26
_.|-A5._

6.48

0.009
.003 
.00ft

0.00ft
n.a.
n.a.

0.0079
.0048 

,..-<>?55.
0.0042

n.-'t.
n.a.

Locality 104 
(Field no. RC-3)

./Samplers i R. C. Robsck, J. E. Johnston, L. E. Shirley. 
Analysts (TWC-2626): W. P. Tucker, B. A. KcCnll./

02-13 ....

31-34 ....
12-34 . . .

41-47 ....
51-55 ....

2088-2089 
2090

2091-2094
...

2095-2101
2102-2106

Gu 
On
Gl
G
Du
Dl

2.00 1")i

6.46
9.70
7.40
8.89

0.010 
f»flA

.007
0.003
0.004
0.005

0.0072 
.0044
.0050

0.00^4
O.COH
0.0029

Locality 106 
(Field no. 11K-2)

./Samplers: Lee Wtlliaan, Charles KatLln. Analysts (TWC-2617): 
W. P. Wcker, B..A. McCall./

12-13 .... 
21 .....
31-33 ....
n 12-33 . . .

. 3275-3276 
3277 

3276-3280 
. . ' 

Gu 
Gm 
Gl
G

2.60 
2.24 
4.42
9.46 .

0.009 
.007 
.007

0.008

0.0084 
.0033 
.0055.

0.0059
Dowolltown member poorly exposed and not sampled.

Locality 10? 
(Field no. 11K-1)

j/Sanplerst Lee KLllnan, Charles Katlin. Analysts (TWC-2617)t 
W. P. Tucker, B. A. McCall. Oil yield analyses, table

12-13 .... 
21-22 .... 
31-33 .... 
_ 02-33 . . .
n.s. . . ...
51-54 ....

3264-3265 
3266-3267 
326d-3270
...
...

3271-3274

Gu 
On 
Gl
G
Du
Dl

4.22
2.75 
£.81

12.78
10.48
7.81

0.008 
.007 
.007

0.008
."n.a.
0.006

0.0081 
.0063 
.0052

0.0063
n.a.

0.0033

Locality 112 
(Field no. 10K-4)

^Samplers» Lee Willnan, Charles Katlin. Analysts (TWC-2658)t 
Norma CutUg, Harry Levine, Alice Caeaunerer, B. A. McCall./

02-15 .... 
21 .....
31-34 ....

12-34. . . .

51-53 ....

2162-2165 
2166

2167-2170

...
2171-2173

Cu
Gm
Gl
G
Du
Dl

7.43 
0.86
6.75

. 15.04
2.52
6.27

0.010 
.005
.ooa

0.008
n.a.

0.005

0.0069 
omnr

.00/,9
0.0037
n.a.

0.0028



'  \.

3

Cftmpl f»

Field 
no.

Laboratory 
no.

Unit

AnOy.'ion

Thlchrjuo, 
foot

oU, 
percent

", 
pu-cont

Locality 113 
(Field no. 10K-5)

/Samplers: Loo Ylillmfln, Charles Katlin. Analysts (TWCr2658)» 
Noraa Outtic, Harry Lovino, Alico Cacronoror, D. A. KcCull. 

Oil yield analyses, tablo

12-15 ....
21 «  4 . . .

31-33 ....
T 12-33 . . .

51-54 ....

2174-2177
2178

2179-2181
»   t

*   *

21B2-2126

Gu
Cm
Gl
G
[>a
Dl

7.17
0.79
5.68.

13.6/4

2.52
7.33

0.008
.005
.008

0.00ft
n.a.

0.005

0.0060
.0024
.0043

0.0051
u.u.

0.0022

Locality 114 
(Field no. 10J-8)

s: Charles.-Katlin, Lee Willman. Analysts (TWC-2658): 
Norm-i Outtag, Harry Levino, Alico Caeramerer, B. A. KcGall.7

12-15 . . . . 
21 .....
31-33 ....

12-33 . . .
/il  /t2 ....
51 .....

2132-2135 
2136

2137-2139
...

2U0121U
2U2

Gu 
Gm
Gl
G
Du
Dl

8.62 
0 7"^
6.32

15.^7
?.98
1.07

0.009 
.005
.008

0.008
0.004
0.005

0.0071 
.0031
.0052

Q.QQ&l
0.002^
O.COZ7

Locality 20-3B 
(Field no. 14G-5)

T. M. Kehn, V. E. Swanson. Analyst (TEC-5950) 
Roosevelt

11-19 ....
M-47 ....

91910-91918
...

Cz
Dz

8.10
12.00

0.007 
n.a.

0.0056 
n.a.

Locality 204 
(Field no. 14G-14)

^Samplersi V. E. Swanson, T. M. Kehn. Analysts (TWC-l636)i 
Alice Caennjersr, Maryso Dolevaux, Carmen Hoy, B. A. KcCall. 

(Analyses to precision o^^^QOl onlyj7
11-21 ....
n.s. . . . .

87958-^7968
...

Gz
Dz

9.70
13.50

0.008
n.a.

0.0063
n.a. .

Locality 209 
(Field no. 15L-4)

V. E. Swanson, T. M. Kehn. Analysts (TWC-l639)» 
Ivan Barlow, Carmen Hoy, Maryse Delevaux, W. P. Tucker. 
B. A. McCall, (Analyses to precision of/ 0.001 only]/

11-14 .       
12-25 .... 

11-25 . . .

e7928-87931 
87932-879/»2 

...

Gzp 
Gz
G

4.00 
10.90
14.90

0.005
.007

0.007

0.0053
.0063

0.0062
Dowolltown n»a\bor aboont; Gassaway rusts on Ordovisian lima stone,

Locality 210 
(Field no, 15L-10)

/Samplerst T. M. Kohn, V. E. Swanson. Analysts (TWC-l642)t 
Idllie Jenkina, Ivan Barlow, Shirley Lundino, 

B. A. KcCall (Analyaos to precision of,/ 0.001 onlyj[7

11-13 .... 
14-27 ....

11-27 . . .
n.s. ....

8817l-fW3 
88174-^0187

...

....

Gzp
GZ
G
D-jt

3.00 
13.10
16.10
12.80

0.005 
.OOJ

0.007
n.jv.

0.0040 
.-.QP^l

O.OOS3
n.a.



Tcble 9i liqulvAl'rnt uranium and uranium anulyaua of 
Chattanooga olmlu - continued.

- " ' -         ~   " ' -- \
Sample

Plold 
no.

Laboratory 
no.

Unit

Analysoo

Thicknoau, 
foot

oU, 
percent

",
percent

. locality 214 
' .(Fleld no. lllVl)

^[Samplers: T. K. Kohn, V. E. Swanson. Analysts (TV,rC-l646)t 
, Blanche Ingram, Carmen Hoy, B. A. KcCall. (Analyses 

to procioion ofj^.0.00}. onlyj/ '

11-15 ....
21-23 ....
31-35 ....

11-34

99955-99959
99960-99962
99963-99966

...

Cu
On
Cl
G

5.20
2»70
4.00

11.90

0.006
.005
.009

0.007

0.0056
.0034
.0053

0.0060
Dcwelltorfn raanber not me aim red nor sampled.

locality 215 
(Field no. RS-6)

s: R. C. Robock, L. E. Shirley. Analysts (TWC-2802) 
Mary Joslyn, J. Budinsky, B. A. KcCallj7

n .....
12-n .
15-16 . 
17-18 .

11-18
U-w .
51 ...... .

527
528-530 
531-532 
533-53^

535-538
539

Gup
Gu
Cm 
Gl
G
I>a
Dl

2.60
5.58 
2.69 
4.60

15.47
7.19
2.70

0.005
.011 
.009
.010

0.009d.oo/7"1
0.005

0.0025
.0078 
.005^ 
.0064

0.006L"
O.C^DS
0.002£

Locality 219 
(Field no. RS-17)

; R. C. Robeck, L. E. Shirley. Analysts (WC-2757)» 
J. Budindky, Carmen Hoy, B. A, McCallj,/

n-u ....
15 ......
16-1? ....

11-17 . . .
41- W. 51 . .

559-561
rAo 562

563-564
. . .

565-567

Gu
Cm
Gl
G
Da

7.76
1 *75

3.25
12.73
.4.48

0.010 
.008
.008

0.009°«.sa§J

0.0062
.0044
.0042

0.00$^
  0.0014

Locality 220 
'   (Field no. RS-1)

L. E. Shirley, R. C. Robock. Analysts (TWC-2759) 
Mary Joslyn, J. Budinsky^

12-19 ....
11-19 . . .

41 .....

570
571-578
...

, . 57.9. , ,

Gzp
Gz
G
Du

1.00
_ 13.47

14.47 1
1.09

0.004
.008

0.008
0.004

0.0022
. sPQ5J3

0.02)51
o.ooie

Locality 221 
(Field no* RS-2)

/Sarapl«5rat R. C. Robeck, L. E. Shirley. Analysts ( 
Mary Joslyn, J. Budinsky, B. A.

11-17 . . . 583-589 T Gz \ 13.27 |0.009 I 0.0055
kA Dove litown member not present*

313



i ?>jiM viloji'. ut-'iii'.iitf .in! ur.i,iJu;i winly.'iou of 
" iiio'./;.-i nh'ilo - continued.

ii.Vli[i)/J

Flo Id 
no.

Labor-ilcr/ | Unit 
no. 1

Am Jyjoy

Thicl:ne:;u, 
foot

 lU,

porconl
»r

P'jrcont

Locality 222 
(Field no. 115-15)

: R. C. Robock, L. E. Shlrloy. Analyato (TWC-2818): 
Roosovclt

13-36 .... 592-597 ~T Cg 6.7.6 . 0.007~l 0.005
DoKolltown rnarabor not present*

  Locality 306 
\ (Field no. 14H-A)

^/Samplers: V. E. Swansea, T. M. Kohn. Analyst (TWC-528l)r
Roooevolt Moor e^

11-20 ....
n,o. ....

Q-1782-9l7flL
. . .

Gz
Dz

10.00
13. OO/

n.a.
n.a.

0.0051
n.a.

Locality 310 
(Field no. 15K-8)

Samplers: T. H. Kshn, V. S. Swanson. Analyst (TWC-5286):
Roosevelt Jfoore.7

11-12 .... 
13-26 .... 
-.11-26 . . .
n.s. ....

8815^-88155 
88156-88169

    *

. . .

Gzp 
Gz
G.
DzJ

2.00 
13.60
IS. 60
12.33

n.a. 
n.a.
n.a.
n.a.

0.0052
.OOM

O.CC4S
  n.a,.

Locality 323 
(Field no. 18N-12)

^Samplers: V.'E. Swanson, T. M. Kehn. Analyst (TWC-5664): 
Joseph Budinslgr. Chemical and oil yield analyses, tables 

1, 19, 20. Spectrographic data, fig.

A-C .....
n.s.   . . .

90006-90036
. . .

,   ~
1 Gz
J L7

\ 30.00
] 7.80

n.a*
n.a.

O.O039
n.a.

J./ Badly weathered material, member not determined.

Locality Cl 
(Field no. YB-1)

T. M. Kohn. Analysts (TWC-2738): Hary Joslyn. Carmen 
Hoy, J. Budinsky, J. J. Warr, B. A. McCan./

A  C .
Al-Ai . . . .
£1-57 . >.....!

111/»38A

3
50

Gu
Got
Gl
G
Du
Dl

A.79
2.33
8.28

15. AO
10.20
7.25

O.C
.C
.C

O.f
O.C
O.C

11U39-111AA3 T Du, 10

0,0086
.0037

^ °.°.56
LP'JP&f0*.00"l2

Locality C2 
(Field no. YB-2)

/Sampler} T. H. Kshn. Analysts (7^-2607): Joan Smith, 
*  Ethel Hacknoy, B. A. K

12-17 *
21-23 .
31-36 .

12-38
A1-A5 .
£1-57 .

108860-108865
108866-103868
108869-108876

...
10#077-108#J1
lG~ftJ62-lb<38*a.

Cu
Cm
Gl
G
Du
Dl

6.0A
2.71
8OO

...ia.OA,._
6.66 ^

0.010
.005
.007

O.OOrt
0.00/»
0.005..

0.00*1
.0036

....-PP55.
0.006\
0.00&2oVoo^'6*



VI   J/i j I v i j
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Fiold ] 
no.

Earaplo

Laboratory 
no.

Unit

An

Thickncon, 
foot

 Jyaos

ol), 
porcont perco

Locality C3 
(Field no. YB-3)

/Samplori T. M. Kohn. Analyoto (7WC-26o6)j Kiry Joslyn, 
Blanche Ingr/ua, Joan Sndth, B. A. McCallj^

12-15 .
21-22 .
31-38 .

32-38
4J-45. ...__ _..
51-57 .

iOf>890-io«J393
10PG94-10°.m>5
103096-106903

     
108904-10-90?
10rt909-10.'<9l5

Cu
Cra
01
G
T/a
Dl

3.70
2.45
fl.32

n..'.7
9.68
6.39

0.009
.005
.00?

0.007
O.Oty
0.006

0.0082
.0037
.00^7

0.0054
O.OOD.
0.0030

Locality CU 
(Fiold no. YB-O

^Sampler: T. M. Kehn. Analysts (TWC-2608): Joseph Budinsky, 
Joan Snith, B. A. KcCallJ7

12-18 . 
21-23 . 
31-39 .
. 12-39
U-A6 .
51-57 ... .

108917-108923 
108924-102926 
108927-108935

»   .
108536-1089A.1
108942-10894?,

Gu 
Ga
Gl
G
Du '
Dl

6.52 
2.57 
8.74

17-S3
11.00 1
7.16

0-0.09 
.006 
.007

0.008
O.OOA
0.006

0.0078 
.0037 
. 005/1

0.0061
o.ooc?
0.0027

Locality C6 
'   ' (Field no. YB;-6)

^Sampler: T. M. Kehn. Analysts.(Tl-.'C-2712): Jesse Warr, Mary
Joslyn. Joseph Budinsky, B. A.

12-17 .
21-22 .
31-38 .

12-38
41-45 .
51-57 .

111124-111129
111130-111131
111132-111139

...
111UO-111U4
311145-111151

Gu
Ga
Gl
G
Du
Dl

6.16
2.46
8.29

16.91
10.07
6.83

0.009
.006
.007

0.008
.0.004
0.006

0.0076
.0033
.005S

0.0058
0.0013
0.0029

Locality C7 
(Field no. YB-?)

^Sampler: T. M. Kehn. Analysts (TWC-2711): Carmen Hoy, 
1 Mary Joslyn, Joan Sadth, B. A. McCall.7

12,16 .
21-22 .
31-38 .

12-38
41-45 .
51-57 .

111153-111157
111158-111159
111160-111167

...
111168-111172
111173-111179

Gu
Gl
Gl
G
Da
Dl

5.11
2.45
7.13 .
15.69
10.54
6.79

0.009
.006
.007

0.003
0.004
0.005

0.0076
.0034
.0054

0.0058
0.0010
0.0033

, Locality C9 
(Field no. YB-9)

^Samplers T. M. Kohn. Analysts (TftC-2713)» Joseph Budinsky, 
Joan Smith, B. A.

. p

^ A-C . . . .
/,!-/, s . . . :
51-56 ....

1U649A
111651A
111659A

. m-m      

-iii-4.Ti.-a- .1 .

Gu
Cm
Cl
G
Du
Ul

4.«7
2.45
7.72

15.04
9.60
5.75

0.009
.006
.00?

0.000
"n . n .
n.n.

0.0082
.0038
.0052

0.0060
n.n,
n.0 .
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; Locality CIO
£ Field no. YB-10) j

T. M. Kohn/L. C. Conant. Analyoto (T..'C-2713)i 
Joan S^ith, Kary Jotslyn, Joseph Budinoky, Jcsse Vmrr, 

 . j B. A. KcCall./

12-16 . . .
21-22 . . .
31-30 . . .

12-30 . .
Al-45      
51-56 . . .

Illlfil-mi85
iinr.6-iinn7
111163-111195

   
llll f;6-llil20D
1111201-1111*0:'

Gu
Cn
Gl
G
!>.»

> Dl

A. 00
2,35
7.70

14.93
9.43
5.99

0.010
.005
.003

0.003 1
0.004
0.005

0.0079
-.0037
.OOS4

0.0059
0.0070
0.0030

I Locality Cll j 
i(Field no. YB-11)

/SamploTB: T. K. Kehn, L. C. Conant. Analysto (TOG-2723)t 
Maryee Dolevaux, Joseph Budinsky, Jesse V«arr, 

Mary Joalyn, B. A.

12-17 .
21-22 .
31-38 .

12-38
U-/.5 .
51-57 .

111208-111213
1112U-111215
in2l6-111223

. .* .
im2A~iii22a
111229-in235

Gu
Cm
Gl
G
Du
Dl

5.90
2.35
8.02

16.25
10.25
6.66

o.-oio
.006
.007

o.o:#
0.005
0.006

0.0076
.0035
.0056

0.0061
0,OC>11
0.0032

Locality C12 
. I (Field no. YB-12)

L. C. Conant, T. M. Kehn. Analysts
J. Budinsky, C. Hoy, M. A. Joalyn, J. Smith, Jesse Warr,

j; J. H. Goode^

12-18 . 
21-22 .
31-38 .
12-38

lil-/» 5 .
51-56 .

111237-111243

111246-111253
. . .

111254-111253
111259-111264

Gu 
Ga
Gl
G
Da
Dl

2*.24
7.97
16.65
10.58
6.13

0.009 
.006
.007

.0.003
0.004
0.005

0.0079 
.0039
.0053

O.OOSl
0.0010
0.0031

/\ Locality CU
i (Field no. YB-U)i

: T. M. Kehn, L. C. Conant. Analysts (TWC-2778): 
Kary Joalyp, Joan Snith, Alice Caoranerer, B. A. McCall.7

A .....
B .....
C .....

A-C . . . .
U-/.5 ....
51-56 ....

111675A
U1677A
111685A

. ^ .

...

...

Gu
Gm
Gl
G
Da
Dl

1*.U2'
2.12
7.98

U.32
9.H
5.75

0.010
.007
.003

0.003
n.a.
n.a.

0.0073
on^o

.00-52
0.0056
n.a.
n.a.

r Locality C13 
j (Field no. YB-13)

^Samplerst L. C. Conant, T. M. Kehn. Annlysto (TAXI-2778)t 
Mary Joalyn, Joan Smith, Alice Caoranerer, B. A. KcCall./

C .....
A  C ....

/il-/i/i ....
51-56 ....

111270A
111272 A
111280A

#    

*   t

. . .

Cu
Gn
Gl
G
Ihj
1)1

5.38
2 21
7.53

15.12
n.ov
5.43

0.009
.006
.007

0.003
n.n.
n.a.

C OO'70

.0036

.0056
0.0061
n.r. .
n./x.
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Locality C15 
(Field no. YB-15)

/Sampler: T. K. Kohn. AmlystB (TWD-272?,2739)J Joan toith, 
Maryso Dolevaux, Kary Joslyn, Canuen Hoy, 13. A. McCall./

A   J »   «
B . . < . .
C .....

A-G ...
41-1.5      
51-56 . . .

112322A 
11232U
112332A

     

112333-112337
.112:338-112343

Cu 
Cm
Cl
0
Du
Dl

4.52
"> S>O

7.^
34.45
9.37
5.93

""n.ai 
n.a.
n.c.
n.a.

n.ri.
n.a.

O.OOC2 
.0038
.0059

O.OQ63
O.CD11
0.0032

Locality C16 
(Field no. YB-16)

T. K. Kehn, L. C. Comnt. Analysts (TWC-2909) 
Mary Joslyn, Cannen Hoy, B. A. McCall. 

Spectrographic data, fig. 16.7

2 .....
3 .....
4 .....

2-3 ...
5 .....
6 .....

11A250
 014251
1U252
...
...
. . .

Cu
On
01
G
Du
Dl

4.72
2.19
7.68

  U._i9
9.18
6.34

0'.009
.006
.007

O.OC-7
n.a.
n.a.

0.0078
.0036
.005/1

0.005Q
n.i..
n.a.

Locality C17 
(Field no. YB-1?)

T. K. Kehn. Analysts (TV/C-3835): Joseph Budinsky, 
Carmen Hoy, Julius

A .....
B .....
C .....

A~6 ...
41-45 . . .
51-56 . . .

113239
113240
113241

»    

     

     

Cu
Gm
Gl
G
Du
Dl

5.13
2 1 C

7.51
14.69
9. 2J»
6.28

O OOQ
roA
.007

0.008
n.a.
n.a.

0.0084
.0035
.00 «,«;

0.0062
n.a.
n.a.

Locality CIS 
  (Field no. YB-18)

T. M. Kehn, L. C. Conant. Analysts (TVJC-2747); 
Joseph Budinsky, Joan Smith, B. A

A .....

C .....
A-C ...

41-45 . . .
51-56 . . .

111702A
111704A
111712A

...

...

Gu
Ga
Gl
G
Du
Dl

5.14
2.20
7.76

15.10
9.52
6.33

O fOQ

.006

.003
0.003
"n.a.
n.a.

O.OOPO
.0038
/XK8

0.006^
n.c.
n.a.

Locality C19 
(Field no. IB-19)

/Samplers: T. M. 'Kehn, L. C. Conant. Analysts (TWC-2750)i 
Mary Joslyn, Jesse Warr, B. A.

A .....
B ^  
C .....

A-C . . .
A1-/.5   .-- 
51-56 . . .

I12195A
112197 A
112205A
...
...
...

317

Gu
Gm
Gl
G
IXi
Dl

4.46
2 1 7

' 7.66
I/.. 25
9.11
6.25

0.009
.005
.000

O.CWg
n.r..
n.r..

0.0002
.0033
.00^6

0.00^1
n.a.
n.n.

\v



  ,t .1. ' ft .

J,*r.;,J 0
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Locality C20 
  (Field no. YB-20)

/Samplers: T. M. Kohn, L. C. Conant. Analysts (TV/C-2750): 
Haryoo Dolov&ux, Jcsoo V.'arr, B. A. M

C ......
A-C ....

AJ-U ....
51-56 ....

112171A
11 217 "^ A
1L21COA

     

  *  

. . .

Gu
Ga
Cl
C
Du
Dl

A. 25
2,Z^4
6.W

13. 6/,
fi.f?
6.03

0.008
.006
.007

0.007
n.ft. j
n.e.._j

0.0075
.0043
.0053

0.00f,ft
n.?. .
n.{-.«

Locality C21 
(Field no. YB-21)

T. M. Kehn, L. C. Conant. Analysts (WC-2749) 
Kary Joalyn, Jesse V/arr, B. A.

A ......

C ......
A-C ....

Al-35 ....
51-56 ....

119??? A

11222/»A
112231A

* *  

     

  v    

Gu
Cm
Gl
G
Du
Dl

5 9ft

2 11
7.A5

U.PV
9.23
6.n

O fjno

.006

.007
0.007
n.a.
n.a.

0.0076
.0036
.00^4

0.0059
n.ti .
n.a.

Locality C^2 
(Field no. YB-22)

'^ampler: T. M. Kehn. Analysts (TWC-27^6): Karyae Dolevaux, 
Joan Snith, Joseph Budinsky, B. A.

A ......
B ......
C ......

A-C ....
41-45 ....
51-57 ....

111730A
111732A
111739A
...

. . .

. . .

Gu
Gra
Gl
G
Du
Dl

6.36
2.27

16.05
9.29
6.56

0.009
.005

 '.007
0.008
n.a.
n.a.

0.0078

.0056
0.0063
n.a.
n.a.

    Locality C23 
. (Field no. YB-23)

/Sampler: T. H. Kehn. Analysts (TWC-2751): Jense Warr, Audrey 
Piotsch, K^aryse Dolevaxix, B. A. M

A ......
B ......
C ......

A-C ....
£1-45 ....
51-56 ....

112253A
11225 5 A
112262A
...
...
...

Gu
On
Gl
G
Du
Dl

5-01.
1.96
7.00

13.97
9.12
6.43

0.009
.006
.008

0.008
n.a.
n.a.

0.0077
.0030
.0055

0.0040
n.a.
n.a.

Locality C24 
(Field no. YB-24)

Lynn Glover, T. H. Kehn. Analysts (TWC-2881): 
Joseph Budijigky, Carmen Hoy, Joan Smith, B. A. McCall./

A ......

C ......
A-C ....

/4 l-44 ....
51-56 ....

113297
11Q298
113299

     

     

     

Ou
Cm
Gl
G
Du]
Dl

5 *7O

1.P6
7,25_

1/^.ni
8.59^'.aJ'"

0.009
.006
.007

o.oort
n.a.
n.a.

0.0078
.0032
.003^

0.0061
n.Q.
n.a.

3/8
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Locality C25 
(FioW no. YB-25)

j/Samplori T. K. Kchn. Analycto (TY:C-2769)» 
' Alice Cacsi:jorcr.7

Sciith,

A , . . . . .
B ......
C ......

A-C ....
41-45 .....
51-55 ....

112703
1127*4
112785

*   *

    «

     

Gu
Cm
Gl
G
IXi
Dl

3.93
1.P6
6.59 _

12.3ft
9-??. .

_J*-V& .

0.009
,006
.00?

0.003
n.n.
n.a.

0.0031
.0034

^^£5.
0.0060
n.n.
n.a.

Locality C26 
(Field no. YB-26)

^Sampleri T. H. Kehn. Analysts (T.-.'C-27&0: Joaso Warr, Joseph 
Budinsky, B. A. KcCall. Spectrographic data, fig.

A ......
B ......
C ......

A-C ....
£1-44 ....
51-56 ....

112792A
112794A
112801A
...
i . .
*.   *

Gu
Gm
Gl
G
Du
Dl

5-71
1.73
6.6?

U.O?
8.04
£.ob

.0.009
. ..006

.007
0.008
n.a.
n.a.

o.oo;
.00:
  v/U!

tj.ootf
n.a
n.a

Locality C27 
  . (Field no. YB-27)

T. K. Kehn. Analysts (TVC-2772): Josso Warr, 
Joseph Budinski', B. A. McCall.7

A ......
B ......
C .... ...

A-C ....
£1-44 ....
51-56 ....

112439A
112441 A
112447 A

t    

  * 4

     

Gu
Gm
Gl
G
Du
Dl

4.03
1.89
6.40

H.96
8-17

   £»3:L,

0.010
.006
.008

0.0083
.0038
..PP58y....o'.'ob6'6

. . Locality C28 
(Field no. YB-28)

T. M. Kehn. Analysts (TWC-2779): Joseph Budinsky, 
Alice Caowneror, J. H.

A ......
B ......
C ......

A-C ....
aw4 5 ....
51-54 ....

112842A
11287,4 A  
112850A

. . * " .";... ,'" y
n2856^112B§2_

Gu
On
Cl
G
Du
Dl

4.03
1.62
6.32

11.07
9.39
4.34

0.010
.005
;oo8

O.O08
n.a.

In. a.

0.0082
.0030
 °Q££

0.0062
n.a.

o.oo^o

Locality C29 
(Fiold no. YB-29)

T. Ki Kehn, Lynn Glover, /.nelysts (TWC-2866)t 
Cnnnen Hoy, Jos'irh BudinaVy* Audrey Smith, Joan 

Suith, B. A. HcCcllJ

oa-13 ....
14-17 .... 
B ......
C ......

12rC ....
/t l-44 . . ....
51-55 . . ,.._..

113243-113244 
113245-113248 

113269
113270

     

*   *

     

Gup 
Cu 
Qn
01
G
fhi
Dl

2.00 
4.31 
1.85
6.A-J

_ 14. Ml
9.6-1
5.CX)

0.005 
.009 

.006

.007
0.^77
n.n.
n.n.

0.0029 
0.0073 

.0039

.OO^
. 0-#>%

n.a.
n.r\.



£.1.71,' il/j

Field
no.

laboratory
no.

Uiut

Ai,

Thiclcn'-j.'j.'iJ
foct 1

ily:ifj3

cU,
percent

w.
pore on t

Locality C30 
(Hold no. YB-30)

/Saraploroi Lynn Glover, T. M. Kehn. Analysts (TV/C-2667): 
Cannon Hoy,-Jopcph Eudinsky, B. A. KcCallj,/

B .....
C .....

A-C . '. .
41-4/, . . .
51-56 . . .

113194A
U3196A
113202 A

  «  

    *

*   »

Gu
Cm
01
G
DM
Dl

4.02
2 VQ

5.9Q
12.71

fi.A5
5.80

0 000
.006
.008

o.ooft
n.n.
n.a.

0.0078
.0043
.OD$6

0.0060
n.3..
n.a.

Locality C31 
(Field no. YB-31)

^Samplers: T. H. Kohn, Lynn Glover. Analysts (TWC-2395): 
Joan Smith, Mary Joslyn, B. A. KcCall.7

2 .....
3 .....
U .....

5- .....
6 .....

114170 
114171 
114172

. T . 114173 T1 ,
' 114174

Gua-n
Gl
G
Du .
Dl

4.82
1.95 
7.58
14.35
8.53
6. 00

0.009 
' .006 
.003

0.002
0.004 
0.006

0.0060 
.0031

0.0060
O.C012-
0.0032.

Locality C32 
(Field no.

T. M. Kohn, M. L. Conant. Analysts (TOG-2897): 
Audrey Smith, Joseph Budinsky, B. A. JfcCall./

2. .....
3 .....
4 .....

2-4 ...

f-rrrr-ri

114176
 n/,177
114178
...

114179
114180

Gu
Gm
Gl
G
Du
Dl

4 QO

2.02
7.A3

14.38-
8.92
6~.29

O nrvt
r\r\f

.003
0.007
0.004
0.006

0.0080
AAJ 0

.0062
0.0365
0.0012
0.0032

Locality C33 
(Field no. YB-33)

^Samplers: T. M. Kohn, M. L. Conant. Analysts (TWC-2760): 
Alice Caonmoror, Jesse Warr, Julius Goodo.7

A .....

C .....
A-C ...

41-44 . . .
£1-56 . . .

112484A
112485
112491A

     

    «

     

Gu
Cm
Gl
G
Du
Dl

4.21
' 1.45-

6.43
12.09
7.22.
6.11

O ry->J>

rvT;
.006

0.006
n.a.
n.a.

0.0074
.0038
.oo;4 8

"0.0056
n.n.
n.a.

Locality C34 ' ' 
(Field no. YB-34)

T. M. Kohn. Analysts .(TWC-2766, Rpt.'.VT54): Kary 
Joslyn, Canaan Hoy, R. Moore, A. Caanmorer, B. A. I-fcCall./

A .....
6 .....
C .....

A-C ...
41-44 . . .
})-55 . . .

1 1 1 1 £*} A

112463

112469A
     

  *  

ii2/»74-il2479

Cu
Cm
01
G
D-a
1)1

4.43
i Trt
6.10

11. ̂ 1
7.77
6.00

0.009
one

P 0.007
n.i.
n.a.

0.0071
nrn (

 oojy
O.OD59
n.i .

O.OQ30



Hold 
no. 1

!.v,.;0.,
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Locality C35 
(Field no. YIi-35)

'T. M. Kchn* Analysts (Ti-,'0-^755): Join Smith; 
Kary Joolyn, Julius

B .....
C .....

A-C . . .
4*-/«4 . . .
5.1-56 . . .

112 507 A
112503
1L2514A
...
  . .
» . .

Gu
Gn
Gl
G
Du
Dl

3.64
2 <Y1

6.33
11.01
8.14
5.77

O ooo
.005
.007

0.00?
n.a.
n.a.

0.0074
.0028
.0052

0.0057
n.a.
n.a.

Locality C36 
(Field no. YB-36)

./Sampler: T. M. Kehn. Analysts (TWC-2785)i Cannon Hoy, Mary 
Joslyn, Julius Goodo. Spectrographic data, fig. 167

A .....
B ......
C .....

A-C ...
41-45 ... . .
,51-54 . . .

112Q36
11283-9A
112837
...
...

112332-112835

Gu
GDI
Gl
G
Du
Dl

3 ''07

1 1 1
6.35

11.25
9.62
3.85

0.009
.006
.007

0.001
~n7a'.

n.a.

0.0077
.0032
.0052

0.0056
n.a.

0.0037

Locality-C37 
(Field no. YB-3?)

/Samplers: T. M. Kehn, M. L. Conant. Analysts (TWC-2898): 
  " Kary Joslyn, Jesae \Varr, B, A. KcCall. Chendcal, thoriua, 

and oil-yield an-ilyses, tables 1, 17, 19, and 20. 
Spectrographic data, fig. 1617

2 .....
3 .....
4 .....

2-4 ...

I:::::'

117*182
114183
114184
...

114185
114186

Gu
Ga
Gl
G
Du
Dl

6.80
3.0i
7.62

17.43
11.50.
5.U

0.010
.006
,008

0.008
O.OQ/j
0.006

0.0086
.0033
.005^

0.00&/
0.0012-
0.003^-

Locality C38 
(Field no. YB333)

/Sampler: T, M. Kehh. Analysts (TiVC-2902): Joan Smith, Carmen
Hoy, B. A. KcCall./

2 .....
3 ......
A .....

3-4 ...
l-trf-TV-

n/,188
n/,i89
1U190

.   .
114191
114192

Gu
Gra
Gl
G
Du
Dl

4.97
2.12
9.08

16.1-^
10.52
6\76

0.010
.006
.003 J

0.003
o.oono.oo~6"~

o.ooao
.0036
.0-055

o'.ooto
0.0003
0.0032

Locality C39 
(Field no. YB-39)

/Samplerj T. M. Kehn. Analysts (TWC-2894): Carmen Hoy, 
Joseph BudinoKy, B. A. Me Call./

2 .....
3 .....
4 .....
  2-4. . . .
5 ..... 
6 .....

114194
114195
114196

V . .

11/.197 
11M98

Gul
Cm
Gl
G

~Dl""

v 23
2.18
6.03

IS. 47
9.25 
6.0/»

0.008
.006
.007

0.007
O'.OO/, _ 
0.005

0.0066
.0033
.0043

0.0054
0.0011 
0.0029

1 / On baois of both thicknoau and uranium content, phonphatic 
zono in probibly present in upjwr 1 or 2 foot of this unit.



U./.U

f;r«,,1n

Fiold 
no no.

Unit

An-Oyr, 

Tnicknc-y.-j, 
foot

cU, 
porconll porc»jnt

Locality C40 
(Field no. YB-J#)

/Sampler: Lynn Glwor. Analysts (TWC-2922): Alice Caonvnoror, 
Cannon Hoy, B. A.

2 .....
3 .....
4 «  «« 

2-1* ...

l:::\:

114256
114257
1U258

  .  
11/^59
11A2/>0

CM
Cm
01
GDu'

Dl

4.16
2 1  >
8.15

14.74
10.7.1
6.88

0.009
.006
.007

0.037
0.003
0.005

0.0079
.0039; .005/4

0.005B
0.0011
0.0033

Locality C41 
(Field no. YB-41)

/Samplers: T. H. Kehn, Juliin Soron. Analysts (TWC~2940)i 
Joan Smith, Carmen Hoy, Joseph Budinsky, B. A. McCall./

2 .....
3 * * * *   
4 .....

2-4 . . '.

1- : : : : :

114262
114263 
114264

    .

114265
1H266

Cu
On 
Gl
G
Du
Dl

3.91
1.34 
7.77

13.02
7.08
5.54

0.009
.005 
.007

0.007' O'.OOk

0.006

0.0074
.0038
.0053

0.008
O.OD10
0.0030

Locality 
(Field no. YB-42)

/Samplers: T. M. Kehn, Julian Soren. Analysts (TV-C-2927): 
Joseph Budinaky, Mary Joslyn, J. H. Goode. Chemical and 

oil^yield analyses, tables 1, 19, 20. Spectrographic 
data,

3 .....
4. .....

2-4 .. .

I:::::

114268
ll/»269
H4270
...

114271
117,272

Gu
Cm
Gl
G
Du
Dl

6.50
1.86
9.99

18.35
9.62
5.02

0.009
.006
.007

t3>.008
0.003
0.005

0.0058
.0£M#

1 __ .00^2
0.0-062
O.OD10
0.0032

Locality C43 
(Field no. YB-43)

Julian Soren, Stanley Byers. Analysts (TWC-2966)j 
Carmen Hoy, Josse V/arr, Joseph Budinsky, B. A. KcCall./

21 1 ; ; : i 
31 .....

12-31 . .
n.s. ....
n.s. ....

115877
115878 
115879

     

     

    *

Gu
Cm 
Gl
G
Du
Dl

3 cf7  *>/

1.30 
6.10

11.27
, , ,9-A9_

8.42

0.008
.006 
.006

0\007
...n-A«...

n.a.

0.0075
.0032 
.0052

0.0057
n.a.
n.^.

Locality C44 
(Field no. YB-44)

/Samplerss T. M. Kehn, Juliin S5ren. Analysts (T'^C-2916)t 
Alice Caeamoror, Miry Joal^Tj, Joan Smith, J. H. Goo do. 

Thorium and oil-yiold analyses, tables 18, 19, 20. 
Spoctrognaphic data, fig.

3 .....

2-4 ...
5 .........
o .....

1LU27/*
114275
114276

114277
il/t2?0

Cu
On
Gl
G
Du
bin

6.64
1 «nr
6.15.

I/;. 80

- ,,9.2.5
[ __ 5.:ti

0.009
.007
.006

0.0085
.0043

o.'coio



u ,-.nl\7:JOS

Field 
no.

Laboratory 
no.

Amlysuo

(Unit 'fhickri'jssJ oil, \ U, 
foot. Iporccntl perpercent

Locality C/»5 
(Field no. YB-45)

^Samplers: T. M. Kehn, Julian Soren. Analysts (TWC-3282,- 
2967)1 Joan Smith, Joseph. Dudinsky, Josr-o Varr, Kary 

Joslyh, J. H. Goodo, B. A. McCall.7

12. f.1 12.35~1 0.008 f 0*0068
Dowolltown monitor not prosont.

La: ality 
(Field no. YB-/>6)

Julian Soren, Stanley Byors. Analysts (T.\C-2941)j 
Carmen Hoy, Joan Smith, Mary Joslyn, Joseph 3udinsi<y, 

B. A. KcCall. Thorium analyses, table 1?. Spec- 
tro graphic dnta, fig. 1677 *''

3 .....
4 .....
2-4 ...

5 .....

ll*>OZi.9
115050
115051

115052
._ 115053 ,

Gu
Gm
Gl
G
Du
Dl

5.18
2.27 '
8.95

16.40
9.63
o« lo

0.008
.006
.007

6.007
0.004
0.005

O.OQgft
.0058
.0057

oYoo&S
- 0.0010
  0.0030

Locality C47 
(Field no. WR-47)

Lynn Glover. Analysts (TWC-2957): Joseph Badinsky, 
B. A. KcCall, J. H. Goodej/

12-31 . . .
n.s .....

115760-115783
    *

Gz
Du

10.89
2.96

0.009
n.a.

_q.oe*»
n.a.

Lower unit of Dowelltown member not present. ?

  Locality C48 
(Field no. WR-48)

Lynn Glm'er. Analysts (TWC-2949): Kary Joslyn, 
oseph Badinsky, B. A. McCall. Chendcal and oil yield

analyses, tables 1, 19, 20. Spectrographic data, 
  . . fig. 16.

2-4 .....
5 .....

115061-115063
115064

Cz \ 15.07 0.003
Du | 2.06 I 0.004

0.0069
"0.0016

Lowor unit of Dowellto^n ocrabar not present.

Locality C49 
(Field no.

^Sampler: Ljrnn Glover. Analysts (TOC-2896) : Mary Joslyn, 
Audrey S*ith, J. H. Goode. Chemical, thorium, and oil- 
yield analyses, tables 1, 17, 19. 20. Spectroggaaphic 

data, fig. 16./

11
21
31
32
33

114280 
 114281 
114282 
114233
114284

Gup 
Gu 
On 
Gl
G"DU"

/ 4.00
4.00

l!?2
_£'*5 
17.9~7

0.005
.006
.010
.008
.008

0.0029
.0038
.0092
.0061
.0062

0.0011 :
M Lowor unit of Dowolltown mcmbor not prosont. 

333 /I/ Uhcort.-dn correlation. Soo toxt, p.  



n
no

old | Lal^rAlT/ I'Jnit 'i/.'.r.:- i«.-.:, J .'.), I U, 
o. I no. I f'rot I ]->i <:m»l. I porc'u.t

Locality C50 
(Hold no. WR-50)

/Sampler j Lynn G-jovor. An:tly:,tu (TWC-2960): Joano Y/arr, Carmen 
Hoy, J. H. Goulo. Chemical, thoria-A, and oil yiold 
tables 1, 17, 19, 20. Spoctrographic 'lata, fig.

12-13 .... 
21 .....
31-32 ....

12-32 . . .
41-.'42 ....
51-52 . , . .

115770-115771 
115772

115773-115774
...

iiynf-iijr?*
115777-115778

Cu 
On
Gl
G
Dul
Dl-

10.21 
1.07
8.76

21.0/t
11.01
2.84LJ

0.009 
.007
.008

o'.oocl
0.004
0.006

' 0.0078 
.0057

... £(&)
0.0070
o.oooa
0.0041

Locality C51 
(Field no. YB-Jl)

T. M. Kehn. Analyats ('H'.'C-2999) ' Carmon Hoy, 
Joseph Budinsky, B. A. KcCall. Thorium naaly 

table 17. Spectrogr^phic data, fig.

W-13 .... 
21 .....
31 .....

.12-31 . . .
a ...... .
51 .....

117624-117625 
117626
117627

     

    »
117^9

Oui- 
On
Gl
G
Du
Dl

f 10.07
2 *71

4.02
16.89
3.53
3.8o

0.008 
.006
.006

0.007
n.a.

_-n»ai..

0.0057 
.0038
 0039

0.005&
n.a.

.. o".oqio
j I/ Upper 1 to 2 feet of this sanple is phosphatic uni

Locality C52 
(Field no. YB-52)

'/Sampler: T. M. Kehn. Analysts (TA'C-3035)j Joseph Bydinsky, 
J. H. Goode, B. A.

n .....
12-13 . . . 
21 .....
31 .....

11-31 . . .
IP- .....
51-52 . . .

117731
117732-117733

^TW/

117735
...
...

117738-117729

Gup .
Gu 
Gm
Gl
G
Du
Dl

1.88
9.37 
3.U

, 5.34
. A9.-73.-

6.91
"6\15

0.<D05
.009 
.006
.006

6.008
n.a.
n.a.

0.0038
.0069 
.0037

. .-PPA^

.J>.oo5S
n.a.

0.0015

  . Locality C53 
(Flold no. NV-53)

s  T. K. Kehn, Julian S^ren. Analysts (T./0-2990) 
Carmen Hoy, Joseph BudinsVy, B. A. McCall, J. H» Goodejj7

41 *. JL*A*-.. _Jl»a.f 

. '  Locality C54
(Field no. NV-54)

s; T. M. Kehn, Julian Soren. Analysts (TWC-2956); 
Joseph Budinoky, B. A. KcCall, J. H. GocdoJ

12-13 THilZ" Tl^785-115yi6 71 "'Cs * f"" "JuVj^ * T ̂ ."ops "P oVop*60a rr;.....vJ.-"''v'»';.'" " \ '^ i _ 11.49 "rn'.v;j"_n*A^



of

Fiold 
noLi!

Sample

Laboratory Unit 
no. 1

Ana)y:.o:»

Tnickno 33, 
Toot.

oU, 
percont p3rcont

Locality C55 
(Fiold no. HV-55)

/Samplers: T. M. Kchn, Julian Sprcn. Analyuto (TuXJ-2989): 
Carraon Hoy, Joseph Buiinoky, J. K. Goodo, B. A. KcCall./

12-13 . . .

n.B. ....

115^8-11 5*C9
  "    
. . .

Oz
Du
Dl

10.62
6.57
9.35

0.007
n.a.
n.n.

0.0056
n.'..
n.a._

Locality C56 
(Field no. NV-56)

/Sampler: T. M. Kchn. Analysts (TfJC-2917)J Joan Snith, Alice 
Caenunsrer, J. H. Gcode. Chemical, thoriu9, and oil-yield 

analyses, tables 1, 17, 19, 20. Spec-trorraphio data, 
fig. 16.7 " *

2-3 ....
4 6 ....

115055-11^6
n5057-11^059

Cz
Dz

9.6?
13.15

0.007
0.003

0.0056
O.OC02

Locality C57 'T 
  (Field no. NV-57)

/Samplert T. M. Kehn.- Analysts (TrfC-2997): Carmen Hoy, Joseph 
Budinsky, J. K. Goode, B. A. KcCall./

12-13 ....
n.s. .....

115883-115 St»4
     

Gz
Dz

11.23
10.69

0.007
n.a.

0.0052
n.c..

Locality C58 
' (Field no. NV-58) 

/Sampler* T.-M. Kehn. Analysts (TiVC-6272): Joseph Budinsky, 
Jesse Warr, Joan Soith, B. A. J^Call, J. H.

12-14 . . '.
41-43 . . .

115867-115869 ! Gz
H5870-115G92 | Ds

  16.62
12.34

0.006
n.a.

.O.OCM
0.0012

Locality C59 
. (Field no. NV-59)

T. M. Kehn. Analysts (TwC-2996i: Carman Hoyj 
Joseph Budinsky, J. H. Goodej/

02-14 . : .
n * & « . . . .

115792-115794
     

Gz
Dz

16.67
3.31

0.006
n.a.

0.0040
n.a«_

Locality CoO 
(Field no. NV-60)

T. M. Kchn, Andrew Brown. Analyst (TWC-6269) t 
Joseph Budinsky^

na-nb . . .
12-15 .... 

lla-15 . :
51-52 ....

U5889-n5P90 
115891-115694

...
115895-115P96

Gzp 
Gz
G
D/>

3.95 
10.02
13.97 1
3.67

Cn.&. 
n.a.
n.a.
n.a.

0.0038 
.0061

0.0055
0.0020

Locality C6l 
(Field no. NV-61)

T. M. Kohn. Analyoto (T.-.TJ^OoO): Joooph Budinsky, 
Carmen Hoy, B. A. KcCall, J. H. Goodo.,7

12-15 . . .
/,) . . . . .

3165^0-156553
1165'//,

C,z
Dr.

15.57
5.*9

0.007
O.OC3

0.0052
o.ewii



Tablo 9f l>iuJvft}cnt immune lind ur'u.tum »uir»)y:;' u of 
Chattanooga ulmlo - continued.

StvO-e

Field 
no.

Laboratory 
no.

Unit

Analyooo

Thickness',
fCftt.

oU, 
percent

u,
porcont

Locality C62 
(Field no. KV-62) . '

/Sampler: T. M. Kohn. Analysts (TWC-3061): Joseph Budinoky, 
 \ Cannon Hoy, B. A. McCall.7

12-13 : : :
41-42 . . .

115765-115766
...

Cs
Dz

8.71
8.05

O.C07
n.a.

0.0060
n.a.

Locality C63   ? 
(Field No. NV-63) . 1

/Sampler: T. M. Kohn, Analysts (TWC~3053)jL Joseph Budinoky, 
Canaen Hoy, B. A. KcCall./

12-13 i » i
n.s. ....

116924-116925
...

Cz
Dz

10.00
8.09

0.007
n.a.

O.C058
-  _ n.e.

Locality C64 ';" / 
. > . (Field no. AL-64)

^Sampler: Lynn Glover. Analysts (TWC-3021): Joseph Budinsky, 
Canaen Hoy, B. A. KcCall, Cheaical, thoritua, and oil-yield 

analyses, tables 1, 17, 2>9, 20. feecferographic data,
fig. 16./

12-1A . . .
15-16 . . .

120217-120219
120220-120221

Gz
Ds?

  11.95
7.W>

O.CC7_
0.004

o.c/v4
0.0019

: . Locality C65 
 ' : (Field no. AL-65)

/Sampler: Lynn Glover, Analysts (7WC-3035): Cannen Hoy,
B. A. KcCall J

12-17 . . .
18-19 . . .

120191-120196
120197-120198

Gs
Dz?

20.12
7.07

0.007
0.004

O.C057
O.C024

Locality C66 
(Field no. AL-66)

j$5amplere:' T. M. Kchn. Lynn Clover. Analysts (TWC-3059): 
Carmen Hoy, Joseph Budinsky, B. A. KcCallJ"

12-18 . . .
19-20 . . .

120207-120213
120214-120215

Gz
Dz?

33.60
B.95.

0.007
0.003

0.0054
0.0016

Locality C6? 
(Field no. PC-1)

/Sample rat L. C. Con ant, T. K. Kohn. M. L. Conant. Analysts 
(TWC-3279): Joan Smith, Joseph Budinsky^

A ......
B ......
C ......

A  C .   » _ 
\ n.s. .....

n.s. . . ...

122137
122130
122139

     

    »

Gu
Cm
Gl
G
Du
Dl

4.92
2 1 o
7.80

_^.-J4^-
9.76
6.09

n.a.
n.a.
n.a.
n.<i.
n.a.
n.a.

0.0082
.0046
.0062

O.Q06&
n.a.
n.a.



Gamplo

Wold 
no.

LabornU 
no.

-jy Unit

/,0yuc:>

feet
o'J, 

percent porccnt

Locality C^8 
(Fiold no. PC-4J)

L. C. Coa-vrvt, T. M. Kehn, M. L. Conant, Analysts 
(TWC-3279)i Joan S^ith, Joseph BudlnsV.y,./

A .....
B
c ....- 

A-C . . .
n.s. ....
n.t. . . . _ 

1223J.O
122141
122U2

*    

*   *

Cu
Cm
Gl
G
Du
Dl

4.73
2.49
745

14.78
9.81
5.69

?&.a.
n.t.
n.fa.
n.u.
n.a.
n.a.

O.C081
.0036
.0057

O.G061
n.a.
n.a.

Locality C69 
(Field no. PC-3) '.

^Samplers: K. L. Conant, L. C. Conant, T. M. Kohn. Analyets 
(TWC-3279): Joan Smith, Joseph Budinsky.,/

B « . ..«
C .....

A-C ...
n.s. ....
n.Ot ....

122143
122144
122145

  *  

*   *

*   *

Gu
On
Gl
C
Du
Dl

5.16
2.45^
7.32
14.73
10.98
4.49

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

0.0084
.0042
ly^f^f«\M-wp:j>

0.0068
n.a.
n.c..

Locality C.77 
(Field no. LC-102)

 /Sampler: Andrew Brovn. Analysts (Tl/C-2646): Blanche Ingres, ^ 
  Audrey Fie-tsch, B; A, KcCall., Oil-yield analyses, tablo 20A/

12-14 . 
21-22 . 
31-34 -

12-34
U-45 .
51-53 .

1132-154'. 
1 135-136'
: 137-140
lZl-145
146-148

Gu 
Ga 
Gl

1 Gr~Du
Dl

5.84 
2.50 
7.10

  15.45
10.36
5.74

0.009 
0.007 

.007
O.CC3
0.003_
0.005

O.C073 
,OC42 
.CO 54

0.0053
O.COI2
0.0026^

locality C93 
(Field no. LC-103)

/Sampler:' Andrew Brovn, Analysts (TVJC-2571, 2845): Blanche 
Ingram, Mary Joslyn. Joseph Budinsky, Carman Koy. B. A, 

McCall. Oil-yield analyses, table 20./

12-14 .
21 . .
31-33 .

12-33
41-44 .
51-54 .

984-986
987

988-990
»   *

9Ql_qo^
995-995

Gu
Gm
Gl
G
Du
Dl

6.20'
1.50
7.00

14.70
9.00
6.40

O.C09
.006
.009

0.008
O.CO^
0.006

0.0077
.0040
.0060

O.C065
o.con
O.C032

locality C94 
(Fiold no. LC-105)

/Sampler, Andrew Brovn. Analysts (TWC-2fl45)s Mary Joalyn, 
Joseph Budinsky, Blanche Ingram, Caraen Hoy, B. A. 

KcCall. Oil-yield analyses, tablo 20.7

12-15 . .
21 ....
31-35    

12-31 .
M-'.5   ,-
5)-_5;»_..-..

1925-1928
1929

1930-1934
...

1935-1939
lbMLO-lQ/,2

Gu
Gm .
Gl
G
Pa
1)1

5.00
.1.35

_ 7,65 ,
u.eo
9.60
5.55

0.010
.006
.007

o.coo
O.OO.N
0.006

O.C076
.0038
.ooso

(0.00^
0.0010
O.C034



Table 91 Equivalent uranium and uruni\»m unalyoon of 
Chattan<x>ra uhnlo - continued*

Simple

Held 
no*

laboratory 
no.

Unit

Analyses

Thickness 
foot

, oU, 
percent

U, 
percent

Locality C211 
(Field no. LC-113) . ..

W. M. Haos,' /^dr^w Brovm. Analysts (T»*C-257l) 
Blanche Ingrain, B. A. KcCall. Oil-yield analyses, table

12-14 .... 
15 ......
16-18 ....

12-18 . . .
tl-45 ....
51 .....

5270-5272 
5273

5274-5276

5277-i5281
5282

Cu 
Qa
Gl
G
Du
Dl

5.70 
1.00
t.eo

11.50
8.40
2.00

0.010 
C.010

.C08
0.009
0.00/i
0.005

0.0064 
. -0053

. .0059
0.0062
0.0002
0.0024

Locality C212 
. . (Field no. 1OM-1)

*     . *

/Sampler* L. C. Conant* Analysts (TUC-2950)t Hary Joslyn,
Joseph. Budinsl^r./

1-5 .....
6 ......
7-9 . . . . .
. 1-9 .. . .
n.s. / . . .

 JOO Ol^339-3A3
344

345-347 .
     

*   *

Gu
Gat
Gl
G
Os

7.50
2.00

' 5.50
15.00
8.00

n.a.
n*a.
n.a.
n.a.
n.a.

O.OOSO
.0034
.0051

0.0063
n.a.

. Locality C301 
(Field name Toa Brovm * no. 1)

Ti M. Kehn. 'Analysts


